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A    STUDY  OF  HYDRAULIC  FILL 

SETTLEMENT 

Reported  by  HENRY   AARON,  Assistant  Highway  Engineer,  Division  of  Tests,  Bureau  of  Public  Roads 

PORTIONS  of  the  Mount  Vernon  Memorial  High- 
way traversed  tidal  muck  flats  adjacent  to  the 
Potomac  River  and  were  constructed  by  placing  a 
hydraulic  fill  of  sand  and  gravel  dredged  from  the 
river  bottom.  These  fills  aggregate  approximately  2% 
miles  in  length  and  required  the  movement  of  about 
3,500,000  cubic  yards  of  material  in  their  construction. 
The  quantity  of  fill  material  placed  was  considerably 
greater  than  was  estimated  originally  to  be  necessary. 
Observations  were  made  on  the  representative  fill  at 
Four  Mile  Run,  to  determine  the  factors  responsible 
for  the  use  of  the  excess  material. 

CONDITIONS  INDICATED  DESIRABILITY  OF  A  POROUS  FILL 
MATERIAL 

The  general  location  of  the  improvement  and  the 
original  soil  profile  on  the  center  line  of  the  road  are 
shown  in  figure  1.  The  profile  consists  of  a  layer  of 
soft  muck  10  to  about  30  feet  thick  resting  on  a  firm 
sand  foundation  and  is  covered  with  about  3}i  feet  of 
water  at  high  tide. 

The  original  design  for  the  fill  is  shown  in  figure  2. 
A  sandy  gravel  was  to  be  used  to  form  a  fill  100  feet 
wide  at  the  top,  at  an  elevation  about  10  feet  above 
mean  sea  level  and  sloping  to  the  surface  of  the  muck 
at  the  rate  of  4  to  1. 

Porous  fill  material  was  specified  for  several  reasons: 
(1)  It  furnishes  high  stability  throughout  the  fill,  and 
the  fill  is  not  jeopardized  even  by  total  saturation  of  its 
base ;  and  (2)  when  the  muck  underlayer  is  compressed 
by  the  superimposed  fill  water  can  escape  freely  through 
the  porous  fill  and  settlement  of  the  muck  takes  place 
quickly. 

Quick  fill  settlement  was  desired  primarily  because 
of  the  necessity  for  constructing  the  pavement  on  the 
fills  as  soon  as  possible.  However,  the  expedited  set- 
tlement of  the  fills  has  a  deeper  and  more  important 
significance  in  regard  to  fill  stability. 

As  the  muck  layer  consolidates,  its  resistance  to  lat- 
eral flow  or  sliding  increases.  The  more  quickly  the 
consolidation  of  the  under  soil  occurs,  the  more  rapidly 
does  the  factor  of  safety  against  failure  of  the  fill  due 
to  sliding  of  the  under  soil  increase.  Danger  of  fill 
failure  due  to  lateral  flow  of  the  under  soil  diminishes 
rapidly  after  the  construction  of  fills  of  porous  materials 
has  been  completed.  There  is  not  the  same  assurance 
of  increased  stability  with  fills  of  relatively  impermea  hie 
materials.  The  consolidation  of  the  compressible  layer 
proceeds  only  as  the  contained  water  is  squeezed  mil 
ol  the  voids.  If  the  water  is  removed  as  fast  as  it  is 
released,  the  compression  of  the  muck  layer  will  take 
place  in  a  more  rapid  and  more  uniform  manner  than 
it  would  if  the  water  could  not  escape.  With  the  pass- 
ing of  time  fills  comprised  of  porous  material  resting  on 
a  much  less  stable  layer  may  support  abrupt  increases 
of  load  without  danger  of  failure  of  the  under  soil  by 
sliding.  In  contrast,  the  safe  load  capacity  of  fills  (if 
impermeable  materials  under  the  same  conditions  may 
not  increase  with  age  in  the  same  manner. 

When  a  fill  is  constructed  by  the  hydraulic  method, 
large  quantities  of  water  are  discharged  with   the  fill 
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soil  profile  on  center  line 
Ficure   1. — Plan  and  Soil  Profile  at  Four   Mile   Run. 

material  and  the  material  must  be  such  as  to  drain 
rapidly,  otherwise  it,  will  require  many  years  to  become 
stable  enotigh  to  support  construction  equipment. 
This  was  clearly  illustrated  while  paving  on  Columbia 
Island  on  the  same  project.  This  island  was  made  by 
pumping  unselected  material  from  the  Potomac  River 
dining  the  process  of  channel  deepening.1  The  fill  had 
been  built  over  5  years  before,  but  there  were  many 
places  which  would  not  support  (he  weight  of  a  man 
until  artificial  drainage  was  provided.  No  difficulties 
were  encountered  when  paving  over  the  fill  described 
in  this  report,  even  though  the  pavement  was  placed 
within  2  years  of  the  completion  of  the  fill. 

Borings  made  to  locate  a  porous  material  for  use  in 
the  (ill  disclosed  a  supply  of  sand  and  gravel  within  the 
range  of  dredging  equipment   at   the  location  shown  in 

1  Public  Roads,  vol.  13,  no.  1,  June  1932,  p.  ">7. 
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Figure  2. — Fill   Section    as   Designed    \xd   Character   of 
Undersoil. 

figure  1.  This  material  was  graded  from  fine  sand  to 
gravel  6  inches  in  diameter  or  larger  and  had  an  average 
loose  weight  of  101  pounds  per  cubic  foot  and  a  rodded 
weighl  of  1 10  pounds  per  cubic  foot.  Prospecting  for  a 
suitable  till  material  was  done  with  a  wash  boring  outfit 
mounted  on  a  scow. 

FILL  CONSTRUCTED  BY  HYDRAULIC  METHOD 

The  fill  was  constructed  in  two  lifts  as  shown  in 
figure  3,  which  shows  also  the  progress  of  the  work. 
The  cross  hatching  shows  the  elevation  through  which 
the  fill  was  raised  by  the  two  lifts  but  is  not  indicative 
of  the  quantity  of  material  required  in  each  operation. 
The  total  amount  of  material  equals  that  for  the  cross 
hatched  area  plus  that  for  the" space  between  the  bottom 
of  the  cross  hatching  and  the  broken  line  shown  below. 
How  this  additional  material  was  divided  between  the 
two  lifts  is  not  known. 

The  first  lift  was  constructed  by  pumping  material 
continuously  into  place  to  an  elevation  of  about  5  feet 
through  a  single  pipe  line.  The  second  lift  was  con- 
structed in  three  sections  as  regards  time  of  placement 


and  two  as  regards  the  position  of  the  pipe  discharging 
fill  material.  "From  the  north  end  of  the  fill  to  approxi- 
mately station  lsti  the  material  for  the  second  lift  was 
pumped  through  two  pipe  lines  spaced  about  50  feet 
apart,  one  pipe  discharging  about  25  feet  to  the  right 
and  the  other  about  25  feet  to  the  left  of  the  center  line 
as  shown  in  figure  4.  Figure  5  shows  a  view  of  the  fill 
at  this  stage  of  the  construction.  The  two  pipe  lines 
were  moved  close  together  at  the  center  line,  as  shown 
in  lower  sketch  of  figure  4,  for  the  construction  of  the 
remainder  of  the  second  lift. 

During  the  construction  of  the  second  lift  with  the 
pipe  lines  separated  50  feet,  sliding  of  large  portions  of 
I  Ik  fill  occurred  at  the  two  locations  designated  in  figure 
3.  When  the  slides  began  cracks  formed  around  the 
area  adjacent  to  the  discharge  pipe  and  widened  as  the 
pumping  continued.  The  fill  settled  vertically  and  dis- 
placement took  place  laterally.  With  the  continuation 
of  these  phenomena  mounds  of  soft  river  muck  were 
forced  up  to  a  height  of  as  much  as  8  feet  above  the 
original  river  bottom  thus  disturbing  the  original  muck 
layer  for  distances  of  several  hundred  feet  from  the 
center  line.  The  pumping  was  continued  until  the 
lateral  flow  stopped  and  the  fill  reached  the  required 
height.  Subsequently  elevations  were  measured  at 
regular  time  intervals  in  order  to  determine  the  rate  at 
which  settlement  occurred. 

Figure  6  shows  a  mound  produced  by  the  slides.  A 
close-up  of  one  of  the  mounds  which  shows  the  character 
of  the  displaced  river  bottom  material  after  exposure 
to  the  atmosphere  is  shown  in  figure  7.  Figure  8  shows 
the  cross  sections  of  the  fill  at  four  different  locations  as 
indicated  by  the  borings. 
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Figure  3. 


FILL  PLACED  DURING  NOVEMBER  1929 
FIRST    LIFT 

FILL  PLACED  DURING   DECEMBER   1929 
SECOND  LIFT 


V    JAN      ] 


LEGEND 

FILL  PLACED  DURING   JANUARY      1930 
SECOND   LIFT 

FILL  PLACED   DURING   FEBRUARY   1930 
SECOND  LIFT 
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FILL  PLACED  DURING     MARCH     1930 
SECOND  LIFT 

•  P-l  PROBE  BORING  NO  I 

*  S-l  SAMPLE    BORING    NO  I 
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Vernon   Memorial  Highway. 


March  1934 


PUBLIC    ROADS 


APPROXIMATE  ELEVATION  3.0. 


^rf^WWx  '» 


ELEVATION   5  0 

-ORIGINAL  SURFACE  OF  MUCK 


ABOUT    200    FEET -j" ABOUT   ZOO  FEET- 

FIRST     LIFT 


ELEVATION  14  0 


ORIGINAL  SURFACE  OF  MUCK- 
SECOND    LIFT 
STATION  172+ 50   TO   STATION   186  +  00 

ABOUT  5'0" 


ELEVATION  18  O 


ORIGINAL  SURFACE  OF  MUCK- 
SECOND    LIFT 
STATION   ISfc  +  OO  TO   STATION  192  +  SO 

Figure  4. — Location  of  Pipe  Lines  at  Various  Stages  of 
Construction. 


Figure  5. — Double  Pipe  Line  for  Placing  Second  Lift. 
methods  of  drilling  and  sampling  described 

The  location  of  the  borings  to  determine  the  cross 
section  of  the  fill  and  to  obtain  samples  of  the  com- 
pressed muck  layer  are  shown  in  figure  3.  The\  wen 
of  two  kinds,  the  "probe"  borings  designated  as  P-l, 
P-2,  etc.,  and  the  "sample"  borings  designated  as 
S-l,S-2,  etc. 

The  "probe"  borings  were  made  by  driving  a  2-inch 
pipe  through  the  fill  material  and  soft  under  soil  until 
firm  foundation  was  reached.  As  the  driving  proceeded 
the  material  penetrated  was  washed  up  through  the  "_'- 
inch  pipe  by  water  pumped  through  a  1-inch  drill  pipe. 
These  borings  indicated  only  the  elevation  of  the  bot- 
tom of  the  fill  material  and  the  bottom  of  the  muck. 
A  set-up  of  this  boring  equipment  is  illustrated  in 
figure  9. 


Figure  6.    -Left  Side  of  Fill  at  Station   17")     50  Showing 
Area   of   Bulged    Material  and   Nature  of  Slide.     The 
Row  of  Stakes  in  the  Foreground  \\  \s  on  the  Shoi  i 
Line  of  the  Fill  Before  the  Slide  Occurred. 
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Figure  7 


Material  Displaced  and  Shoved  Up  by  Settle- 
ment of  Fill. 
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irk  8.-    Cross  Sections  of  Fill  as  Indicated  by  Borings. 


In  making  the  "sample"  borings  a  4-inch  pipe  was 
used  for  the  casing  and  a  2-inch  pipe  for  drilling  and 
washing  in  the  same  manner  as  for  the  "probe"  bor- 
ings. As  the  drilling  proceeded  cores  of  river-bottom 
materia]  were  obtained  in  an  undisturbed  state  from 
differenl   elevations  in  the  muck  layer. 
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Figure  9.— Upper  Left- 


-Apparatus  for  Taking    I'ndisturbed    Cores 

Drilling. 


Lower  Left  and  Right — Apparatus  for  Probe 


The  equipment  used  in  driving  and  washing  the 
casing  is  illustrated  in  figure  9. 

The  device  for  taking  cores  consisted  of  a  section  of 
3-inch  galvanized  steel  pipe  about  15  inches  long, 
sharpened  at  one  end,  and  attached  by  a  special 
coupling  to  a  1-inch  pipe  at  the  other.  Inside  the 
coupling  was  a  check  valve,  specially  designed  as 
illustrated  in  figure  10  to  prevent  the  loss  of  the  core 
when  the  pipe  was  withdrawn. 

The  undisturbed  samples  were  taken  in  the  follow- 
ing manner: 

The  4-inch  casing  was  first  thoroughly  cleaned  of  all 
the  material  penetrated,  after  which  the  coring  device 
was  lowered  through  the  casing  and  pushed  down  into 
the  river-bottom  materia]  slowly  and  without  twisting. 
The  air  and  water  entrapped  by  the  soil  entering  the 
device  escaped  through  the  check  valve.  When  the 
resistance  to  further  penetration  indicated  that  the  de- 
vice was  filled  with  soil,  it  was  turned  through  two 
revolutions  and  then  pulled  up  slowly.  The  tube  con- 
taining the  soil  core  was  next  uncoupled,  sealed  with 
paraffin,  and  labeled.  Figure  1  1  shows  two  cores 
sealed  with  para  din  and  the  sampling  device  for 
obtaining  these  cores. 

At  depths  other  than  those  at  which  the  cores  were 
taken,  samples  of  the  material  washed  up  through  the 
casing  were  obtained  and  placed  in  glass  jars  of  1- 
quart  capacity. 

The  elevations  from  which  both  cores  and  samples 
were  obtained  in  the  "sample"  borings  are  shown  in 
figure  12,  which  shows  also  the  character  of  the  mate- 


rial penetrated  as  identified  in  the  field.  Sample  bor- 
ing S-9  (see  fig.  3)  was  taken  264  feet  from  the  center 
line  at  a  point  outside  of  the  fill  area  and  is  intended 
to  represent  the  muck  in  its  natural  uncompressed 
state.  Even  at  this  distance  some  disturbance  of  the 
muck  occurred  although  no  fill  material  was  present. 

The  wash  boring  samples  were  tested  in  the  subgrade 
laboratory  of  the  bureau  at  Arlington,  Va.  The  cores 
were  tested  at  the  Massachusetts  Institute  of  Tech- 
nology as  a  part  of  a  cooperative  research  on  subgrade 
materials. -' 

ANALYSIS  OF  SAMPLES  DISCLOSES  CHARACTERISTICS  OF  THE 
RIVER-BOTTOM  MATERIALS 

The  results  of  the  standard  laboratory  tests  3  per- 
formed on  the  samples  of  soil  collected  in  the  wash 
boring  are  shown  in  table  1  and  the  results  of  tests  4 
on  the  core  materials  are  shown  in  table  2.  Table  2 
shows  also  the  moisture  content  of  the  samples  in  the 
natural  state. 

The  lest  results  (table  1)  show  that  the  sand  belongs 
to  the  good  A-3  soil  group  and  the  mucks  (tables  1 
and  2)  belong  to  the  A  8  group.  The  wash-boring 
samples   (table   1)  had  lost    the  liner  portion  of  muck 

i  These  tests  '.verc  carried  nut  under  the  supervision  of  Arthur  Casagrande,  former^ 
research  assistant,  of  the  Bureau  of  Public  Roads,  stationed  at  the  Massachusetts 
Institute  of  Technology.  Mr.  Casagrande  aided  in  drawing  up  the  specifications  foi 
drilling  and  sampling. 

3  These  tests  were  carried  out  according  to  the  Procedures  for  Testing  Soils  for  tin 
Determination  of  the  Subgrade  Soil  Constants,  Public  Roads,  vol.  12,  no.  8,  Octobe 
1931. 

4  The  tests  on  the  core  material  were  performed  on  the  materials  before  they  ha< 
dried  out.  The  procedures  for  making  these  tesls  are  described  in  Research  on  th 
Atterberg  Limits  of  Soils,  Public  Roads,  vol    13,  no  8,  October  1932. 


March  1934 


PUBLIC    ROADS 


Figure   10. — Details  of  Check  Valve  Sampling  Device. 


Figure   11.     Sampling   Device  for  Obtaining    I  ndisturbed 
Cores  and  Two  Samples  Sealed   With    Paraffin. 

constructed  of  muck  placed  by  the  hydraulic  method 
and  the  core  samples  are  representative  of  the  under 
muck  layers  in  place. 

Table  l.---h'csulis  of  laboratory  tests  /><  rformed  on  samples  <>l>i<i 
in  wash  boring.     Sample  locations  an-  shoion  in  Jig.  12 
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due  to  the  method  of  sampling.  The  samples  as  col-  According  to  table  2  the  mucks  comprising  the  under 
lected  have  lower  liquid  limits,  lower  plasticity  indexes  soil  have  liquid  limits  varying  from  <>L>  to  132  and  exist 
and  higher  shrinkage  limits  than  the  corresponding  in  place  with  moisture  contents  varying  from  76  percent 
samples  of  muck  (table  2). 

The  test  results  on  the  wash-boring  samples  (table  1 )  |  Table  2.  Results  of  laboratory  tests  .pet 
are  more  uniform  than  the  results  on  core  samples. 
There  is  indication  that  the  variation  in  the  results  on 
Cores  is  due  to  the  presence  of  ultra  fine  material  which 
was  carried  a\va\  in  suspension  in  wash-boring  or  to 
some  electrolytic  property  destroyed  in  taking  the 
\\  ash-boring  samples. 

Regardless  of  the  cause  of  the  difference,  there  re- 
mains  the   fact    that    the   sand    .and    muck    samples   of 
table   f   are  similar  to   the   materials  used   in   buildine 
Columbia     Island5    which    was    constructed     o 
bottom    material    pumped    from    the    Potomac 
cfuring  the  process  of  channel  deepening.     Tin 
boring  sampler  are  representative  of  the  materia 
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Figure  12. — Results  of  Borings  in  Hydraulic  Fill  at  Four  Mile  Run. 


to  125  percent  of  the  weight  of  the  dry  soil.  On  the 
basis  of  relative  volumes,  for  every  part  of  solid  soil 
material  (with  a  specific  gravity  of  2.6  in  this  case) 
there  are  from  2  to  3%  parts  of  water.  The  stable  sand 
layer,  in  contrast,  is  not  likely  to  contain  more  than 
0.6  part  of  water  by  volume  to  each  part  of  solid  ma- 
terial. The  significance  of  such  differences  in  moisture 
content  with  respect  to  the  relative  stability  of  sands 
and  mucks  has  been  discussed  previously  in  Public 
Roads." 


Stabilization  by  drainage  of  rauck  and  sand  fill. 
June  1932,  pp  57  B0,  inclusive 


Public  Roads,  vol.  13,  no.  4, 


SUBSURFACE  MOVEMENTS  OF  FILL  OCCURRING  DURING  CON- 
STRUCTION DISCLOSED  BY   BORINGS 

The  cross  sections  of  the  fill  as  shown  by  the  borings 
plotted  in  figure  S  disclose  the  following: 

1.  Where  no  slides  occurred,  as  at  station  187,  the 
fill  material  penetrated  into  the  muck  fairly  uniformly 
throughout  the  cross  section.  The  greatest  penetra- 
tion occurred  in  the  center,  under  the  greatest  weight 
of  fill,  and  the  penetration  diminished  toward  the  sides 
as  the  fill  feathered  out.  The  contour  of  the  lower 
surface  of  the  fill  at  station  187  is,  in  a  general  way, 
similar  to  that  of  the  upper  surface  but  in  a  reversed 
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position.  At  station  178  +  50,  where  no  abrupt  slides 
were  observed  during  construction,  the  penetration 
was  very  similar  to  that  at  station  187,  but  lateral 
flow  is  indicated  by  the  position  of  muck  surface  4  feet 
above  its  original  position  at  the  outer  limits  of  the  fill. 

2.  At  station  175  +  50,  where  the  muck  varied  from 
11  to  13  feet  deep,  the  fill  penetrated  to  a  depth  of  4 
feet  in  the  portion  between  the  shoulder  lines  of  the 
roadway.  On  both  sides,  however,  at  a  distance  of 
about  100  feet  from  the  center  line,  the  fill  displaced 
the  entire  depth  of  the  muck  and  rested  on  the  firm 
underlying  sand.  The  displaced  muck  was  pushed  up 
in  a  mound  8  feet  high  at  a  distance  of  about  150  feel 
from  the  center  line  (fig.  6).  This  action  trapped 
muck  beneath  the  roadway.  The  greatest  amount  of 
upheaval  occurred  on  the  left  side,  where  the  sand  layer 
is  at  a  lower  elevation. 

3.  The  greatest  amount  of  sliding  and  the  most 
irregular  penetration  occurred  at  station  184  where  the 
depth  of  muck  ranged  between  28  and  11  feel  and  the 
penetration  of  the  fill  varied  from  5  feet  at  the  center 
to  29  feet  at  70  feet  left  of  the  center  line  and  17  feef 
at  30  feet  right  of  the  center  line.  Unlike  the  fill  at 
station  175  +  50,  at  no  point  did  the  fill  at  station  184 
penetrate  the  entire  depth  of  the  muck.  However,  at 
this  place  the  layer  of  muck  is  considerably  thicker 
than  at  station  175  +  50  and  the  surface  of  the  sand  is 
very  irregular.  To  some  extent  the  lower  surface  of 
the  fill  parallels  the  surface  of  the  sand,  especially  at 
the  right  half  of  the  section. 


SETTLEMENT  OF  FILL  DETERMINED  FROM  LEVEL  READINGS 

Settlement  of  the  fill  during  the  first  12  months  of 
its  existence  was  determined  by  levels,  taken  periodi- 
cally, on  stakes  set  in  the  fill  on  the  center  line  and  50 
feet  to  the  right  and  left  of  the  center  line.  The  stakes 
were  destroyed  during  the  grading  and  shaping  opera- 
tions at  the  end  of  1-  months  and  no  additional  levels 
were  taken  until  the  pavement  was  laid  about  20  months 
after  the  construction  of  the  fill.  Since  that  time  levels 
have  been  taken  periodically  on  the  pavement.  Since 
no  readings  were  obtained  during  an  interval  of  s 
months  and  there  was  a  possibility  of  error  in  trans- 
ferring elevations  from  the  stakes  to  the  pavement, 
these  elevations  are  not  discussed  in  this  report. 

Only  10  borings  were  located  within  50  feet  of  the 
center  line.  The  locations  of  the  borings  and  of  the 
level  stations  do  nol  coincide.  Level  points  were 
located  at  t he  even  stations  about  5  months  before  plans 
for  boring  were  made.  The  borings  were  located  at 
points  in  the  fill  which  would  give  the  most  reliable 
information  concerning  the  movements  of  the  fill 
material,  according  to  observations  during  construc- 
tion. 

Figure  L3  -hows  graplucally  the  settlement  at  drill 
holes  and  at  level  stations  in  the  vicinity  of  the  holes. 

The  sketch  with  each  graph  shows  the  relative  positions 
of  the  level  stations.  The  broken  lines  represent  the 
observed  settlements  as  measured  with  the  level  while 
the  solid  lines  -how  the  settlements  at  the  drill  hole  as 
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Table  3.  -  Summary  table  of  settlement,  loads,  muck  thicknesses,  and  characteristics  of  muck  layers 
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interpolated    from    the    measured    settlements    at    the 
level  stations. 

The  level  points  on  the  center  line  at  stations  184  and 
187  coincide  with  the  horing  locations.  Therefore,  for 
station  187  the  solid  line  represents  the  actual  measured 
settlement.  At  station  184  the  center-line  stake  was 
destroyed  soon  after  construction  of  the  fill  and  the 
settlement  at  this  point  was  interpolated. 

FILL  SETTLEMENT  AND  LATERAL  FLOW  DISCUSSED 

Table  3  presents  the  settlement  at  the  10  boring 
locations  at  1,  6,  and  12  months  after  construction  of 
the  fill,  together  with  the  fill  load,  thickness  of  muck, 
and  information  on  the  character  of  the  muck  soil .  The 
data  for  tliis  table  were  taken  from  tables  1  and  2  and 
figures  12  and  13.  The  superimposed  loads  were  com- 
puted on  the  basis  of  full  hydrostatic  uplift  effective 
below  zero  elevation. 

The  difference  between  the  thickness  of  the  muck 
layer  prior  to  construction  and  that  at  the  time  of  the 
borings  represents  the  combined  effect  of  lateral  How 
and  G  months  compression  under  load.  This  difference 
varies  from  3  feet  to  17  feet  (table  3).  However,  the 
total  measured  settlement  for  the  6-month  period  pre- 
ceding the  boring  operations  ranges  from  a  minimum 
of  0.7  foot  to  a  maximum  of  1.4  feet.  Therefore,  the 
reduction  in  thickness  of  the  muck  layer  was  due  largely 
to  the  lateral  flow  occurring  during  construction. 

The  variables  apt  to  influence  lateral  flow  are  char- 
acter of  soil,  soil  profile,  load,  original  thickness  of 
muck  layer,  and  construction  met  hods.  The  construc- 
tion procedure  atstation  175  i-  50was  the  same  as  thatat 
station  184,  and  the  behavior  of  the  fill  'it  these  stations 
may  be  compared  with  respect  to  the  other  variables, 
A  study  of  table  3  and  figure  8  discloses  no  clear  cut 
relationship  existing  between  the  amount  of  lateral  How 
and  the  above  factors.  However,  it  is  true  in  a  general 
way  that,  at  station  184,  where  the  lateral  flow  was  of 
greater  intensity,  the  natural  moisture  contents  and 
liquid  limits  of  the  muck  layers,  the  variations  in  the 
soil  profile,  and  the  original  thickness  of  the  muck  layers 
were  greater  in  amount  than  al  station  175  +  50.  On 
the  other  hand,  considering  station  isi  by  itself,  these 
general  relations  do  not  explain  the  variations  which 
have  occurred. 


The  loads  shown  in  table  3  have  no  significance  as  to 
cause  of  lateral  flow  since  the  variation  in  load  is  the 
result  of  lateral  flow.  It  will  be  noted  that  the  heaviest 
loads  in  any  section  occur  at  the  points  where  the  abrupt 
slides  took  place.  No  abrupt  slides  occurred  at  sta- 
tions 178-r50  and  187  where  the  second  lift  was  placed 
in  two  layers  with  a  period  of  time  intervening  between 
layers.  This  indicates  that  the  rate  of  application  of 
the  load  is  more  important  in  affecting  fill  movements 
than  is  the  total  load  as  disclosed  by  the  borings. 

The  factors  which  are  apt  to  influence  the  amount 
and  rate  of  till  settlement  are  characteristics  of  the 
muck  layer,  thickness  of  the  muck  layer,  and  the  load 
superimposed  on  the  muck  layer.  In  this  case  the 
thickness  of  the  muck  layer  at  the  time  of  the  borings 
seems  the  logical  value  to  use  since  all  the  lateral  flow 
took  place  during  construction  or  continued  only  a 
brief  time  after  construction. 

From  table  3  and  figure  13  it  will  be  observed  that 
there  is  very  little  difference  in  the  amount  and  rate  of 
settlement  at  stations  175  +  50  and  178  +  50  although 
the  moisture  contents  and  liquid  limits  of  cores  no.  3 
and  no.  4  indicate  a  much  more  unstable  soil  at  station 
178  +  50  than  at  station  175  +  50  which  is  represented 
by  core  no.  2.  It  appears  that  a  large  variation  in  soil 
properties  as  disclosed  by  these  tests  may  have  little 
influence  on  settlement. 

Neither  the  amount  of  superimposed  load  nor  the 
thickness  of  the  muck  layer  shows  any  relation  to  the 
amount  and  rate  of  settlement.  The  loads  at  stations 
175  +  50  and  178-fcO  are  generally  higher  than  on  the 
center  line  and  20  feet  left  of  center  line  at  station  184 
but  the  settlement  after  12  months  at  the  latter  station 
is  greater  in  amount.  However,  at  the  latter  station 
the  layer  of  compressible  muck  is  more  than  twice  as 
thick.  At  all  points  except  station  187  the  settlements 
for  the  first  month  arc  practically  the  same  in  amount. 
Furthermore,  at  (i  months  the  settlement  on  the  center 
line  at  station  187  is  much  greater  than  that  at  30  feet 
right  of  station  184,  while  the  thicknesses  of  the  muck 
layers  are  equal  and  the  loads  differ  only  by  0.1  kilogram 
per  square  centimeter. 

The  foregoing  discussion  shows  that  no  consistent 
relationships  exist  between  the.  amount  and  rate  of 
settlement  as  measured  and  any  one  of  the  individual 
influencing  factors  of  load,  thickness  of  muck  layer  and 
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characteristics  of  muck  layer.  These  variables  seem 
to  be  interdependent  in  influencing  settlement.  The 
compression  test  discloses,  quantitatively,  the  combined 
effect  of  the  several  variables  and  it  was  decided  to 
investigate  the  results  of  such  tests. 

COMPRESSION   TESTS  DISCUSSED  IN   A  SUPPLEMENTARY   REPORT 

Extensive  original  research  had  to  be  performed  in 
connection  with  analyses  of  the  compression  test  data 
as  such,  before  it  was  possible  to  explain  the  behavior 
of  the  fill  at  Four  Mile  Run.  It  is  felt  that  a  complete 
description  of  this  work  should  he  presented  in  a  separate 
report.  This  supplementary  report  shows  conclusively 
that  the  differences  in  moisture  content  of  the  muck 
undersoil  (table  2)  and  the  difference  in  settlement 
characteristics  (fig.  13)  are  not  the  result  of  hap- 
hazard accident  but,  instead,  are  entirely  in  accordance 
with  well-defined  physical  laws  which  control  the  con- 
solidation of  muck  deposits.  It  is  demonstrated  that 
proper  analysis  of  the  compression  test  data  furnishes 
excellent  means  for  estimating  the  amount  and  speed 
of  settlement,  of  loaded  soil  layers. 

SUMMARY 

The  effect  of  the  principal  construction  and  soil 
variables  upon  the  fill  movements  just  discussed  may  be 
briefly  summarized  as  follows: 

1.  No  consistent  relation  was  found  to  exist  between 
the  arrangement  of  the  pipe  outlets  and  the  extent  of 
lateral  flow.  It  is  true  that  no  slides  occurred  during 
the  placing  of  the  entire  first  lilt  or  the  placing  of  the 
second  lift  at  station  187  when  the  material  was  dis- 
charged along  the  center  line.  In  contrast,  sliding  did 
occur  during  the  placing  of  the  second  lift  at  stations 
175  +  50  and  184  when  the  double  pipe  line  arranged  as 
in  figure  4  was  used.  But  slides  occurred  also  during 
the  construction  of  two  other  fills  on  this  highway  where 
the  muck  was  over  40  feet  deep,  although  a  single  pipe 
line  discharging  on  the  center  line  was  used. 

2.  The  slope  of  the  fill  material  during  construction 
seemed  to  be  important.  This  is  not  surprising  since 
theoretically  it  is  possible  to  make  the  slope  of  fills  so 
small  that  lateral  flow  of  even  the  softest  of  undersoils 
may  be  prevented.  In  this  case  no  appreciable  lateral 
flow  occurred  during  the  placing  of  the  first  lift,  which 


had  very  Hat  side  slopes  of  2.")  to  1.  The  second  lift  was 
placed  with  a  much  steeper  slope  of  10  to  I  .  It  is  pos- 
sible that  had  the  slope  of  25  to  1  been  used  I  hroughoul 
the  second  lift  the  sliding  which  occurred  in  certain 
places  would  have  been  prevented. 

It  seems  thai  the  softer  the  muck,  the  deeper  the 
muck  and  the  more  sloping  the  surface  of  the  sand  bed 
beneath,  the  more  tendency  there  will  be  for  the  muck 
to  displace  laterally. 

I  -c  of  gentle  slopes  and  placement  of  fill  in  thin 
layers  seem  to  furnish  the  best  possibilities  for  reducing 
sliding.  In  case  sliding  starts,  it  seems  that  shutting 
down  the  pumps  temporarily,  if  there  is  no  support  for 
extension  of  pipe  lines  for  continuing  the  fill  ahead,  is 
the  most  logical  procedure.  Consolidation  of  muck 
under  the  fill  already  placed  will  then  proceed  and 
increase  the  resistance  of  the  muck  to  further  sliding 
while  the  force  productive  of  sliding  remains  constant. 

.'5.  The  depth  of  the  muck  and  the  slope  of  the  firm 
sand  bed  beneath  seemed  to  exert  some  influence.  The 
most  extensive  lateral  flow  occurred  at  station  1st 
where  the  greatest  depth  of  muck  and  the  most  irregular 
sin  lace  of  the  underlying  sand  were  found.  However, 
no  sliding  occurred  at  station  187  where  the  layer  of 
muck'  was  originally  over  10  feet  thicker  than  at  station 
17">      50  where  sliding  did  occur. 

4.  The  manner  in  which  the  second  lift  was  placed 
may  account  for  the  slides  which  occurred  at  stations 
175  ; -50  and  184  and  the  absence  of  slides  at  stations 
178  i-50  and  187. 

At  stations  175-1  50  and  184  where  the  entire  second 
lift  was  constructed  in  a  continuous  operation  the 
entire  additional  fill  load  was  imposed  upon  the  soft 
undersoil  before  adjustment  took  place. 

At  stations  178  H50  and  187  where  the  second  lift 
was  constructed  in  two  layers,  the  muck  had  an  oppor- 
tunity to  consolidate  under  the  load  of  the  first  layer 
before  the  second  layer  was  imposed. 

It  was  observed,  during  the  construction  of  another 
fill  in  a  location  where  the  mud  had  a  minimum  depth 
of  40  feet,  that  w  hen  sections  of  the  fill  slid  out  laterally 
in  a  manner  similar  to  that  described  in  this  report, 
the  movement  stopped  soon  after  the  pumps  were  shut 
off.  When  pumping  was  resumed  after  being  shut 
down  for  about  2  days,  ;i  considerable  amount  of  fill 
could   be   placed   before  more  sliding  occurred. 
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FROST  HEAVE  IN  HIGHWAYS  AND  ITS 

PREVENTION 

Reported  by  Henry  Aaron,  Assistant  Highway  Engineer,  Division  of  Tests,  Bureau  of  Public  Roads 

FROST  ACTION  affects  road  surfaces  differently, 
depending  on  the  type  of  surfacing;.  Rigid  pave- 
ments are  heaved  and  crack  in  excessive  amounts 
but  usually  settle  back  in  place  after  the  frost  leaves 
the  ground.  Successive  heaves  arc  often  sufficient  to 
break  up  long  slabs  of  the  thinner  pavements  to  such 
,-m  extent  that  replacement  is  required.  In  semirigid 
pavements  the  cracking  and  breakage  due  to  one  period 
of  frost  may  require  considerable  patching,  if  not  re- 
placement. Low-type  wearing  courses,  such  as  gravel, 
are  often  entirely  lost  after  one  season,  the  gravel 
mixing  with  the  soft  undersoil  without  furnishing  sta- 
bility. Figures  1  and  2  are  examples  of  damage  re- 
sulting from  frost  action. 

When  heave  occurs  abruptly  there  results  a  hazard  to 
traffic.  It  is  not  uncommon  for  short  sections  of 
pavement  to  heave  10  or  12  inches  above  the  adjacent 
surface,  thus  becoming  an  obstruction  capable  of  causing 
fast-moving  vehicles  to  leave  the  road.  Examples  of 
such  heave-  are  shown  in  figure  3. 

Rigid  and  semirigid  pavements  may  adjust  them- 
selves during  thaws  so  that  traffic  is  carried  without 
resorting  to  special  construction.  Frost  heaved  sections 
of  gravel  roads  are  apt  to  become  soupy  mud,  im- 
passable to  any  type  of  traffic  during  thaws.  Figure 
4  is  an  example  of  such  a  condition.  These  short  im- 
passable sections  are  sufficient  to  render  the  entire 
highway  unsuitable  for  traffic  for  a  period  of  several 
weeks  dining  the  spring  and  thus  tend  to  isolate  the 
towns  located  along  the  highway.  Those  who  dare  to 
venture  forth  usually  require  assistance  in  getting  out 
of  the  mud  before  they  get  very  far. 

Therefore,  aside  from  the  large  maintenance  costs 
which  arise  from  frost  failures  there  is  a  heavy  economic 
loss  inflicted  on  the  users  of  these  highways. 

PURPOSE  AND  SCOPE  OF  REPORT 

Prevention  of  the  harmful  effects  of  frost  action  has 
been  a  major  problem  in  constructing  and  maintaining 
roads  in  climates  where  severe  freezing  occurs.  The 
heaving  produced  in  various  types  of  soils  which  form 
the  foundation  for  road  surfaces  has  been  studied  ex- 
tensively, both  in  the  laboratory  and  in  the  field.  The 
results  of  these  studies  and  the  theories  developed  have 
been  discussed  in  numerous  published  reports.  Many 
types  of  remedial  treat  incuts  have  been  installed  in 
locations  subject  to  frost  heave  by  different  engineers. 

To  correlate  the  various  methods  employed  by 
different  engineers,  the  Bureau  of  Public  Roads  with  the 
cooperation  of  the  highway  departments  of  Minnesota, 
Wisconsin,  and  Michigan,  conducted  a  survey  during 
the  period  from  1928  to  1933  to  determine  lor  specific 
cases  (1)  method  of  treatment  used  (2)  its  performance 
under  service  conditions,  and  (3)  the  physical  proper- 
ties of  the  subgrade  soils  in  the  location' and  their  ar- 
rangement in  the  soil  profile.  This  report  is  the  result 
of  observations  by  the  author,  supplemented  by  in- 
formation from  the  engineers  and  maintenance  superin- 
tendents in  the  respective  States.  The  following  aided 
in  planning  and  conducting  the  survey  and  furnished 
10 


Figure   1. — Crackino  in  Concrete  Pavement  Due  to 
Frost  Heave. 

most  of  the  photographs  used  in  this  report:  A.  Seifert 
and  S.  L.  Taylor,  district  4,  United  States  Bureau  of 
Public  Roads;  F.  C.  Lang,  L.  L.  Allen,  and  C.  K.  Preus 
of  the  Minnesota  Department  of  Highwavs;  A.  C. 
White,  Mower  County,  Minn.;  E.  B.  Tourtellot,  Wis- 
consin Highway  Commission;  H.  F.  Janda,  University 
of  Wisconsin;  and  A.  C.  Benkelman,  Michigan  State 
Highway  Department. 

No  attempt  is  made  in  this  report  to  explain  the 
physics  or  mechanics  of  frost  heaving.  It  is  intended, 
primarily,  as  an  exposition  of  methods  used  to  prevent 
harmful  frost  action  and  the  results  of  these  methods. 
In  order  to  interpret  properly  the  results  of  the  various 
methods,  it  is  important  to  know  the  characteristics 
of  the  different  subgrade  soils  which  make  up  the  soil 
profile  in  the  location  where  they  wrere  used.  Before 
considering  the  results  of  the  preventive  measures,  it 
is  advisable  to  discuss  the  different  soil  profiles  found 
in  this  survey  and  their  influence  on  heaving. 

THE  SOIL  PROFILE  INFLUENCES  HEAVING 

In  many  sections  of  the  country  a  road  surface  rarely 
rests  on  a  uniform  subgrade  lor  any  great  distance. 
This  is  due  to  two  reasons: 

(f )  The  grade  line  frequently  intersects  a  number  of 
la3rers  of  the  soil  profile  depending  on  the  depth  of  cuts, 
and  the  several  layers,  often  differing  in  their  physical 
characteristics,  will  each  in  turn  form  the  subgrade  of 
the  road. 

(2)  An  individual  soil  layer  may  possess  such  variable 
characteristics  as — 
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A    Bituminous    Surface    Damaged    by    Frosl 
Action. 
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Effect  of  Heaving  on  a  Gravel  Road. 


Heaved  Gravel  Road  at  Beginning  of  Thawing 
Period.  Planks  Are  Necessary  to  Prevent 
Miring. 


(a)  Pockets  of  soil  material  differing  greatly  in  prop- 
erties from  those  of  the  remainder  of  the  layer. 
(6)   Stratifications  within  the  layer. 

(c)  Depressions  in  the  profile  of  the  layer  boundaries 
which  act  as  reservoirs  for  the  collection  of  water  in 
excessive  amounts. 

(d)  Variation  in  the  ground-water  elevation  due  to 
the  topography  of  the  adjacent  area. 

Differential  heaving  of  pavements  productive  of  dan- 
gerous traffic  hazards  is  generally  due  to  variations  in 
the  soil  profile.     Figure  5  shows"  the  different  type-  of 


I  i<.i  re  2.     Examples  of  Typical  Heaving. 

soil  profiles  in  which  the  preventive  measures  described 
in  this  report  were  installed.  Profiles  />'.  I>,  /•'.  <■'.  J.  ■/, 
and  0  were  furnished  l>y  \Y.  I.  Watkins  of  the  United 
States  Bureau  of  Chemistry  and  Soils. 

Figure  •">  .1  illustrates  the  type  of  soil  profile  produc- 
I  five  of  the  heaving  shown  in  the  top  picture  of  figure  3. 
The  pockets  of  silt  and  silty  clay  (group  A  I  soil) 
varying  in  shape  and  depth  occur  within  a  deposit  of 
porous  sandy  soils  (group  A  ::  -oil  i.  The  heaving  in 
the  silt  pockef  is  excessive  while  that  in  the  surround- 
ing sandy  soils  is  negligible.     Considerable  heav :curs 
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Abrupt   and   Hazardous 
Concrete  Pavement. 


Frost     Heave    of 


\  Series  of  Frost  Heaves  of  a  Gravel  Surface. 


N3ss 


Prominent  Heave 


( I  ravel  Surface. 


Figure  3. —  Examples  of  Typical   Heaving 

also  in  the  pocket  of  silly  clay.  However,  it  is  covered 
by  an  appreciable  layer  of  sand  (about  18  inches)  which 
reduces  the  effect  on  the  surface. 

Figure  5-B  shows  a  typical  soil  profile  in  the  loessial 
area  of  Minnesota  and  Wisconsin.  The  frost  heave  is 
confined  to  that  portion  of  the  road  resting  on  (lie  un- 
weathered  or  slightly  weathered  structureless  silt. 
The  weathered  upper  layers  of  the  profile  are  granular 
in  structure  and  apparently  do  not  suffer  detrimental 
frost  heave. 


According  to  the  results  of  laboratory  tests  performed 
on  representative  samples  of  the  various  layers  of  the 
profile  (fig.  5-B)  the  weathered  silt  loams  and  the 
structureless  silt  possess  physical  properties  common 
to  the  group  A-4  soils,  while  the  underlying  clay  pos- 
sesses the  physical  characteristics  of  the  group  A  (i 
soils. 

The  structureless  loessial  soil  is  a  silt  or  silt  loam 
containing  a  high  percentage  of  very  fine  sand,  has  a 
high  water-holding  capacity,  is  unstable  when  wet,  and 
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Figure    1. 


■Result  of  '['haw  of  a   Frost-Heaved  Gravel 


possesses  capillary  properties  in  a  high  degree.  Resting 
on  a  relatively  impervious  clay  which  retards  percola- 
tion and  forms  a  water  table  at  its  base,  a  condition  is 
created  favorable  to  strong  functioning  of  the  high 
capillary  properties  of  the  structureless  sill  layer. 
The  clay  may  be  at  a  considerable  depth  below  the 
road  surface  and  Tint  necessarily  in  as  close  proximitj 
to  the  surface  as  is  indicated  by  figure  5-B.  The 
bottom  picture  of  figure  3  's  characteristic  of  the  type 
of  heaving  produced  under  the  above  conditions. 


An  example  of  detrimental  frosl  heave  in  a  sandy 
soil  is  illustrated  in  figure  5  C,  The  sand  which  varies 
from  hue  to  coarse  in  texture  and  possesses  physical 
properties  indicative  of  the  group  A  :•!  soils  is  main- 
tained in  a  saturated  condition  by  a  water  table  close 
to  the  surface.  This  is  due  largely  to  the  topographic 
features  of  the  adjoining  terrain.  The  road  cuts 
through  small  knobs  or  ridges,  interspersed  with  bogs 
located  both  at  higher  and  at  lower  elevations  than  the 
roadway.  The  middle  picture  of  figure  3  is  an  example 
of  the  heaving  produced  in  such  a  case. 

A  soil  profile  in  extremely  variable  glacial  materials  is 
illustrated  in  figure  ">  1>.  The  relation  between  frost 
heave  ami  t  he  various  layers  of  t  he  soil  profile  is  similar 
to  that  described  for  figure  5  II.  In  this  case  the  heav- 
ing occurs  in  an  unweat hered  glacial  till  containing 
lime,  sand  pockets,  and  stratified  sand  and  silt.  Water 
is  transmitted  to  the  roadway  by  the  capillarity  of  the 
glacial  till  and  also  by  the  stratified  sand  and  silt. 
Considerable  amounts  of  water  collect  in  the  sand 
pockets. 

The  unweathered  glacial  till  layer  is  essentially  a 
group  A  1  soil.  However,  it  includes  strata  and  small 
pockets  of  sand  which  possess  the  physical  properties 
of  the  group  A  3  soil.  Such  variations  within  a  soil 
layer  are  especially  productive  of  differential  frosl 
heaving. 


14 


PUBLIC    ROADS 


Vol.  15,  No. 


Figure  5-E  is  an  illustration  of  a  soil  profile  in  which 
heaving  occurs  as  a  result  of  depressions  in  the  surface 
of  an  impervious  clay.  The  dense  clay  restricts  perco- 
lation of  water  and  maintains  the  overlying  sand  in  a 
wet  condition  while  the  sags  in  the  surface  of  the  clay 
layer  act  as  reservoirs  for  the  collection  of  water  in 
excessive  amounts.  This  condition  is  productive  of 
the  type  of  heaving  shown  in  the  top  picture  of  figure 
3  and  attributed  also  to  condition  5-A. 

Figures  b-F  and  5-6*  are  examples  of  soil  profiles  in 
which  the  heaving  results  as  shown  in  the  bottom 
picture  of  figure  2.  The  profiles  consist  of  a  surface 
layer  of  more  or  less  unstable  A-5  soil  underlain  by 
silts  and  very  fine  sands  (group  A-4  soils)  which  occur 
in  pockets  and  layers  of  varying  thicknesses  adjacent 
to  water-carrying  soil  layers. 

Figures  5-//,  /,  and  J  illustrate  profiles  which  produce 
the  greatest  and  most  dangerous  heaving.  Stratified 
silt  and  very  fine  sand  (group  A-4  soil)  invariably 
heave  in  such  amounts  as  to  rupture  any  type  of  super- 
imposed road  surface.  Very  dangerous  differential 
heaving  is  produced  when  soil  layers  subject  to  detri- 
mental heave  in  varying  amounts  are  arranged  in 
pockets  as  in  figures  5  I  and  b-J. 

A  different  type  of  heaving  condition  is  shown  in 
figure  5-K.  The  laminated  silty  clay  possesses 
physical  characteristics  of  the  group  A-4  soils  and 
perforins  in  the  same  manner  as  the  A-4  materials 
previously  described.  The  group  A-7  soil,  however,  is 
not  generally  subject  to  heaving.  In  this  profile  it 
includes  very  thin  layers  of  silt  which  assist  in  keeping 
the  clay  very  wet  and  soft. 

The  majority  of  the  clay  loam  soils  similar  to  those 
shown  in  figure  5-L  are  subject  to  detrimental  frost 
heave  only  when  wet  and  poorly  drained  but  consider- 
able heaving  has  been  observed  in  fine  sandy  clay  loam 
(group  A-4  soils)  containing  appreciable  amounts  of 
disseminated  lime.  Where  the  road  surface  rests  on 
lime-free  clay  loam  of  the  group  A-7  soils  no  serious 
damage  has  resulted. 

The  detrimental  results  of  lime  accumulations  in  a 
soil  layer  have  been  observed  also  in  soil  profiles  where 
a  limey  clay  loam  of  the  group  A-7  soils  was  found. 
Two  adjacent  clay  loam  soil  layers  in  the  same  road 
cut  were  found  to  possess  similar  physical  properties 
but  the  one  containing  lime  heaved  excessively  while 
the  layer  free  of  lime  did  not  heave  enough  to  damage 
the  road  surface 

The  soil  profiles  illustrated  in  figures  b-M  and  5-AT 
produce  heaving  similar  to  that  of  the  stratified  soils 
previously  described  and  need  no  further  discussion. 

Differential  heaving  is  certain  where  there  is  the  ex- 
treme variation  in  soils  as  shown  in  figure  5-0.  The 
pocket  of  soil  subject  to  frost  heaving  is  composed  of 
strata  of  water-bearing  sand  and  strata  of  silt  which 
absorb  water  readily  and  resist  all  attempts  at  drainage. 
The  sand  and  gravel  (A-3  soil)  surrounding  this  pocket 
l-  well  drained  and  does  not  permit  the  accumulation  of 
water,  and  no  heaving  occurs  in  the  sand  and  gravel. 

PREVENTIVE  MEASURES  DESCRIBED 

Various  methods  used  by  different  engineers  in 
efforts  to  prevent  frost  heaving  are  shown  in  figure  6. 
Considering  only  the  locations  inspected  in  this  survey, 
figure  6-A  shows  a  method  which  has  been  used  since 
1921;  figures  6-5,  C,  and  D  since  1928;  figures  Q-E, 
F,  (J,  //,  /and  J  since  1929;  and  figures  6-Ar  to  Q-P 
inclusive  since  about  1920. 


The  methods  of  excavating  heaving  soil  and  substitut- 
ing a  non-heaving  material  are  illustrated  in  figures 
Q-A  to  6-1  inclusive. 

Figure  6-J  shows  excavation  of  the  heaving  soil, 
treating  the  bottom  of  the  excavation  with  bituminous 
material  to  cut  off  capillary  action  and  replacing  the 
excavated  material. 

Drainage  channels  to  intercept  and  direct  water  away 
from  the  roadbed  are  shown  in  figures  6-/i  to  6-P 
inclusive. 

Generally  no  more  than  2  years  are  required  for  the 
surface  condition  to  reflect  the  effectiveness  of  the 
preventive  method  used.  This  is  especially  true  of 
methods  which  do  not  serve  the  requirements  of  the 
location.  In  such  cases  heaving  has  been  observed  dur- 
ing the  first  winter  after  installation.  Therefore,  the 
results  of  methods  which  have  been  in  service  since  1929 
are  considered  fully  as  significant  as  those  which  have 
been  in  service  since  1920. 

RESULTS  OF  PREVENTIVE  MEASURES  DISCUSSED 

The  performance  of  these  preventive  measures 
employed  in  connection  with  different  types  of  road 
surfaces  and  the  associated  local  soil  condition  is 
described  in  table  1. 

The  narrow  center  trench  types  A,  B,  and  C,  serve  to 
eliminate  only  that  heaving  which  might  occur  directly 
over  the  area  of  the  excavation.  The  soil  on  the  sides 
heaves  sufficiently  to  crack  concrete  and  bituminous 
pavements.  The  damage  to  gravel  surfaces  caused  by 
the  frost  uplift  is  honed  out  by  maintenance  after  the 
frost  leaves  the  ground  so  that  there  is  no  visible  after- 
math of  the  winter  condition.  These  methods  reduce 
the  amount  of  break-up  during  the  spring  thaws  and 
allow  passage  of  vehicles.  Compared  with  the  re- 
sults where  no  precautions  are  taken  (fig.  4)  the  bene- 
fits of  this  method  are  considerable. 

Treatment  for  the  full  width  of  the  traveled  area  as 
illustrated  by  type  D  has  proven  advantageous. 
There  was  no  noticeable  difference  between  the  riding 
qualities  of  the  surface  laid  over  this  type  of  treatment 
and  adjacent  sections  where  heaving  had  always  been 
absent.  The  entire  roadway  remained  smooth  and 
firm  during  the  spring  thaw. 

The  V-type  trench  (type  E,  table  1)  is  very  popular 
because  it  can  be  excavated  with  a  blade  grader,  which 
materially  reduces  the  cost  of  excavation.  In  most 
cases  surfaces  laid  over  subgrades  so  treated  carry 
traffic  in  a  satisfactory  manner.  However,  the  heaving 
at  the  sides  of  the  trench  12  feet  wide  in  soil  profiles  D 
and  J  and  the  general  heaving  in  the  trench  26  feet 
wide  in  soil  profile  /  has,  in  some  cases,  developed  to  the 
point  where  driving  is  safe  only  at  very  low  speeds. 
The  surfacing  in  the  heaved  area' is  badly  broken. 

Measures  F,  G,  If,  and  /have  proved  satisfactory  and 
reliable  methods  of  preventing  detrimental  frost  heave  of 
concrete  pavements.  Except  under  the  extreme  cli- 
matic conditions  of  the  northern  parts  of  Michigan  and 
Wisconsin,  heaving  is  negligible  in  treatments  where 
the  excavation  and  backfill  is  not  less  than  2  feet. 
Noticeable  but  uniform  heave  has  been  measured  in 
treatments  1  foot  deep. 

The  method  of  excavating  the  heaving  material  for 
the  entire  width  of  the  roadway,  treating  the  base  of  the 
excavation  with  a  bituminous  material  and  replacing 
the  excavated  material  (type  J,  table  1)  has  not  been 
quite  as  successful  as  the  full  width  treatments  described 
above.      Gravel  surfaces  on   bituminous   treated  soils 
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Figure  6. — Subgrade   Designs   used  to   Prevent  Frost  Heave. 


have  become  uneven  and  rough  and  cut  up  during  the 
spring  thaw.  The  heaving  of  a  concrete  pavement  is 
noticeable  but  fairly  uniform.  Cracking  is  more 
pronounced  than  in  the  locations  where  a  selected 
back-fill  material  was  substituted  for  the  excavated 
frost  heaving  soil. 

The  various  kinds  of  treatment  should  not  end  ab- 
ruptly but  should  be  tapered  or  feathered  out.  Accord- 
ing to  observations  by  Andrew  Seifert,  concrete  pave- 
ments laid  on  gravel  back-fill  tapered  from  10  to  25  feet 
cracked  considerably  and  became  noticeably  rough. 
Fifty-foot  tapers  liave  been  more  satisfactory. 

The  result  of  type  K  subgrade  treatment,  is  strik- 
ingly illustrated  in  figure  7  which  shows  how  the  gravel 
in  the  trench  remains  in  place  while  the  soil  a  I  the  sides 
is  forced  up.  The  heaving  at  the  sides  of  the  narrow 
trenches  previously  described  is  similar  in  nature. 

Table  1  shows  that  the  drainage  types  L  to  P,  inclu- 
sive, have  been  of  practically  no  benefit  in  preventing 
heaving  of  soils.  In  most  eases  the  drains  have  been 
placed  at  arbitrary  depths  of  3  to  (i  feet  without  regard 
to  the  type  of  soil  or  the  arrangement  of  the  soil  layers. 
Type  M,  when  installed  in  water-bearing  sandy  soils 
(soil  profiles  C  and  E)  in  such  a  manner  as  to  conform 
to  the  soil  profile,  served  to  intercept  and  carry  away 
enough  of  the  water  to  prevent  detrimental  heave. 
This  same  t_ype,  when  used  in  the  stratified  sills,  line 
sands,  and  clays  (soil  profile  Z),wasof  no  value  whatever. 


Figure  7. — Heaving  at  Sides  of   Narrow  Trench    Filled 
With  Granular  Material. 

soil  profile  must  be  considered  in  design  of  drainage 

SYSTEM 

However  convenient  it  would  be  to  be  able  to  estab- 
lish definite  and  invariable  spacing  and  depth  require- 
ments for  drains,  the  hopelessness  of  thus  standardizing 
drainage  design  becomes  increasingly  apparent  as  re- 
search in  soils,  especially  for  engineering  purposes, 
progresses. 

Failure  to  obtain  the  desired  stability  is  definitely 
attributable  in  many  instances  to  the  attempt  to  apply 
arbit  rary  standards  of  spacing  and  depth  in  the  placing 
of  the  drains  without  regard  to  pi'evailing  condition- 
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Table  1. — Results  < if  frost  heave  preventive  measures 


T\  pe  of 
treatment ' 


M 


Type  of  surfacing 


Gravel.-       

Bituminous  surface  treatment. 


Concrete. 
G  ravel. -- 
._„do.-- 


Concrete... 

Gravel 

Bituminous  surface  treatment 


Concrete . 
....do... 
....do... 

.  do  . 
Gravel-.. 


Concrete 

Bituminous  surface  treatment. 

Gravel 


Concrete. 

Gravel.. - 


Concrete 
Gravel. .. 


.do. 


Bituminous  surface  treatment. 
Concrete  


Soil  profile  ; 


F,  D. 

I.  (i   . 

H..__ 
B  _ .  _ . 

J,  L-- 


I 

D   

D,  I,  J. 


A  to  O,  inclusive. 

L,  M 

D,  M 

B,  D,  L,  M 

D.    


C,  E 

D_... 

D.._. 


1) ... 
K     . 


Results 


Heaved  on  sides  during  winter;  surface  softens  during 

thaw     Carries  moderate  amount,  of  traffic  satisfactorily. 
Heaved  excessively  on  sides;  no  serious  break-up  during 

thaw. 

Heaved  sufficiently  to  cause  considerable  cracking 

Beaved  a  small  amount  on  sides;  no  break-up 

Hi      ed  on  sides;  slight  softening  and  rutting  during 

thaw.     Carries  traffic  satisfactorily. 
Heaved  on  sides  removing  crown:  considerable  cracking. 

No  heaving  observed;  smooth  and  firm;  no  break-up 

Heaved  on  sides  in  soil  profiles  D  and  J;  surface  broken 

but  no  rutting.     Heaved  badly  in  soil  profile  I;  no 

rutting. 

Heave  negligible,  very  small  amount  of  cracking 

No  detrimental  heaving;  very  small  amount  of  cracking.  . 

Heave  negligible;  very  small  amount  of  cracking 

Heave  negligible;  small  amount  of  cracking 

Uneven  and  rough;  small  amount  of  rutting;  carries 

traffic  satisfactorily. 
Slight  amount  of  heaving;  fairly  uniform;  small  amount 

of  cracking. 
Heaved  on  sides  of  trenches  leaving  a  narrow  depression 

along  the  center  line  and  over  cross  trenches;  reduced 

surface  break-up. 
Reduced  break-up  in  most  cases  so  that  traffic  could 

move  across,  although  difficult;  some  sections  impass- 
able 

Considerable  cracking  typical  of  frost  heave 

Impassable  during  thaw 


Remarks 


Heave  negligible;  small  amount,  of  cracking 

Soft  and  rutted  in  spots  during  thaw;  carries  traffic  with 
difficulty. 

Impassable  during  thaw 

Heaved  breaking  surfacing;  carried  traffic  without  break- 
ing through. 

Heaved  and  cracked  considerably-    _   


County  roads;  center  trench  3  by  3  feet. 

Center  trench  3  by  3  feet. 

Center  trench  6  by  2  feet. 
Center  trench  8  bv  3.5  feet. 
Center  trench  3  feet  deep,    6  feet  at  top,  4  feet 
at  bottom. 
Do. 
Trench  24  by  1  foot. 

Treatment   is   12  feet  wide  on   soil    profiles 
I)  and  J  and  26  feet  wide  on  soil  profile  I, 
V-type  trench. 
Slightlv  wider  than  pavement. 
Do. 
Do. 
From  ditch  to  ditch. 
Do. 

Do. 

Rough  riding  and  dangerous  at  times. 


A  ery  unsatisfactory  in  thin  soil  condition. 


This  method  apparently  of  no  value  in  this 

soil. 
Depth  of  drains  and  location  of  cross  drains 

varied  to  conform  with  soil  profile. 


No  benefit  derived  from  this  method. 

One  section  heaved  to  such  an  extent,  that  the 
pavement  had  to  be  replaced. 


1  Refers  to  designs  in  fig.  fi . 

There  is  only  one  practical  procedure  and  that  is  to 
place  drains  at  such  distances  apart  and  at  such  depths 
as  the  interception  and  removal  of  offending  moisture 
requires.  And  this,  it  can  readily  be  seen,  becomes  a 
local  problem,  the  solution  of  which  depends  upon  such 
factors  as  the  source  of  the  water  to  be  removed,  the 
character  of  the  soils  comprising  the  different  layers 
and  the  arrangement  of  the  layers  in  the  soil  profile. 

To  further  complicate  the  problem,  some  soils  very 
readily  give  up  their  contained  water  and  thus  may  lie 
easily  stabilized  by  drainage;  other  soils  exercise  a  high 
affinity  for  moisture  and  are  not  apt  to  be  stabilized  by 
drainage.  The  only  profiles  found  in  this  survey  in 
which  drainage  can  be  reasonably  certain  to  prevent 
frost  heave  are  shown  in  figures  5-C  and  "r-E. 

Figure  S-A  shows  how  drains  should  be  placed  in 
order  to  prevent  frost  heave  in  soil  profiles  of  the  type 
illustrated  in  figure  5-E.  Frost  heave  occurring  in 
drainable  soils  due  to  a  permanent  high  water  table 
dig.  5-C)  may  be  eliminated  by  the  system  of  drams 
shown  in  figure  8  B.  It  should  be  borne  in  mind  that 
these  methods  are  applicable  only  where  the  soil  is  more 
or  less  porous  and  does  not  possess  capillarity  in  an 
appreciable  amount. 

CONCLUSIONS 

The  following  conclusions  may  be  drawn  from  the 
foregoing  discussion: 

1.  ('enter  trenches  reduced  the  heave  of  adjacent 
gravel  road  surfacing  during  freezing  and  increased 
stability  during  thaws  to  some  extent.  As  a  result  the 
damage  to  the  road  surfacing  which  did  occur  could  be 
repaired  by  ordinary  blading  operations.  These  bene- 
fits are  not  sufficient  to  justify  recommending  narrow 
center  trenches  as  a  standard  preventive  measure. 
However,  where  scarcity  of  gravel  makes  full  width 
treatment  prohibitive,  center  drains  3  to  6  feet  wide  on 
the  less  traveled  roads,  and  not  less  than  S  feet  wide, 
or  a  width  of  one  traffic  lane,  on  the  more  important 


Refers  to  soil  profiles  in  fig.  .i. 
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Figure  S. — Method  of  Preventing  Frost  Heave  in  Drain- 
able  Soils. 

highways,  may  serve  as  temporary  expedients  prior^to 
the  construction  of  more  permanent  surfaces. 

2.  The  measures  adopted  to  prevent  frost  heaving 
of  concrete  road  surfaces  should  be  effective  overman 

(Continued  on  p.  25). 


LABORATORY  TESTS  OF  RESILIENT 
EXPANSION  JOINT  FILLERS 

Reported  by  D.  O.  WOOLF,  Associate  Materials  Engineer,  and  D.  G.  RUNNER.  Assistant    Materials   Engineer,  Division  of  Tests,  United  States  Bureau  of 

Public  Roads 

FOR  MANY  TEAKS  premolded  fillers  have  been 
used  in  transverse  expansion  joints  in  concrete 
pavements  to  permit  linear  expansion  of  the  con- 
crete. The  most  widely  used  type  has  been  a  plastic 
compound  consisting  of  bitumen  and  finely  ground 
mineral  matter  between  surfaces  of  felt  paper.  With 
linear  expansion  of  the  concrete,  the  bituminous  filler 
is  displaced  and  forced  upward  above  the  surface  of  the 
pavement.  In  some  cases  this  extruded  material  is 
removed  to  preserve  the  smoothness  of  the  pavement 
or  is  partly  spread  or  worn  away  by  traffic.  In  any 
event,  subsequent  contraction  of  the  concrete  results 
in  the  formation  of  an  opening  between  the  concrete 
and  the  joint  filler  since  the  bituminous  filler,  not  being 
elastic,  does  not  resume  its  original  shape.  Mainte- 
nance forces  are  expected  to  fill  such  openings  with 
poured  bituminous  material  so  as  to  protect  the  sub- 
grade  from  surface  drainage.  Due  to  the  cost  of  this 
maintenance,  efforts  have  been  directed  within  the  last 
few  years  toward  the  development  of  a  resilient  expan- 
sion joint  which  would  absorb  expansion  of  the  concrete 
without  appreciable  extrusion  of  the  filler  and  also  ex- 
pand upon  subsequent  contraction  of  the  concrete,  thus 
keeping  the  joint  filled.  A  number  of  materials  for 
filling  expansion  joints  have  been  developed  which 
manufacturers  claim  will  produce  these  results. 

TESTS  COVERED  ALL  AVAILABLE  TYPES  OF  JOINT  FILLERS 

In  investigating  resilient  types  of  joint  fillers,  efforts 
were  made  to  obtain  samples  representing  the  different 
materials  used.  Samples  were  obtained  of  sponge  rub- 
ber, cane  fiber,  granulated  cork,  and  compounds  of 
asphalt  and  vulcanized  rubber.  A  sample  of  the  usual 
type  of  premolded  asphaltic  joint  filler  was  also  tested 
for  comparative  purposes.  These  fillers  are  described 
as  follows: 

Samples  1  and 2,  brand  A.  Sponge-rubber  fillers  with 
nominal  thicknesses  of  one  half  inch  and  1  inch,  respec- 
tively. The  sponge  rubber  is  placed  between  protective 
sheets  of  asphalt-treated  felt.  One  edge  of  the  filler  is 
sealed  with  rubber  to  make  a  waterproof  surface. 

Sample  3,  brand  A.  The  usual  type  of  preformed 
asphaltic  filler  with  felt  sides.     Nominal  t  hickness,  Linch. 

Samples 4  and5,  brand  />'.  Sponge-rubber  fillers  with 
nominal  thicknesses  of  one  half  inch  and  three  quarter 
inch.  The  rubber  appears  to  be  of  a  much  more  open 
texture  at  the  center  than  at  either  side  of  the  filler. 
One  edge  of  the  one  half  inch  filler  and  both  edges  of 
the  three  quarter  inch  filler  are  sealed  with  rubber. 
Both  sides  are  protected  with  asphalt-coated  felt. 

Sample  6,  brand  C,  is  a  sponge-rubber  filler,  one  half 
inch  thick.  The  rubber  is  of  uniform  texture,  and  is 
protected  by  felt  sides.     The  edges  are  not  sealed. 

Sample  7,  brand  I),  is  a  burlap-hacked  sponge-rubber 
filler  with  a  nominal  thickness  of  one  half  inch.  The 
rubber  is  of  uniform  texture.      The  edges  are  not  sealed. 

Samples  8  and  9,  brand  /*.',  are  made  of  vegetable 
(cane)  fiber,  coated  and  impregnated  with  an  asphaltic 


Figure  1.— Apparatus  fob  Compression  Test   With   Edges 
Free  to  Expand. 

compound.  No  protective  backing  is  used.  The  sam- 
ples have  nominal  thicknesses  of  one  half  inch  and  1 
inch 

Samples  10 and  11,  brand  F,  are  compounds  of  asphalt 
and  fiber  with  particles  of  vulcanized  rubber,  some  of 
which  are  three  quarter  inch  in  length.  The  surface 
of  the  joint  is  very  irregular.  The  samples  have  nomi- 
nal thicknesses  of  one  half  inch  and  1  inch. 

Samph  I  ',  brand  G,  is  composed  of  granulated  cork 
bound  with  phenol  formaldehyde  resin.  This  material 
was  submitted  coated  with  an  asphalt  preparation  and 
uncoated,  hut  the  manufacturers  later  advised  that  the 
coated  filler  was  no  longer  used.  Tests  on  the  coated 
material  had  been  started  before  this  information  was 
received  and,  since  no  difference  was  found  between 
coated  and  uncoated  specimens  in  trial  determinations, 
the  tests  on  coated  specimens  were  continued.  The 
material  i-  of  uniform  texture,  and  has  a  nominal 
thickness  of  1  inch. 

Samjili  /;,  brand  /I,  is  made  of  a  compound  asphalt 
and  finely  ground  vulcanized  rubber,  and  has  a  nominal 
t hickness  of  one  half  inch. 
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TESTS  DESIGNED  TO  REPRESENT  SERVICE  CONDITIONS 

In  selecting  methods  of  testing  to  be  used,  an  effort 
was  made  to  duplicate  as  closely  as  possible  the  con- 
ditions to  which  joint  fillers  are  subjected  in  actual 
service.  These  conditions  include  compression  for 
varying  lengths  of  time  and  weathering.  The  test 
methods  adopted  included  measurements  of  the  recov- 
ery of  the  filler  after  having  been  compressed  a  definite 
amount  for  various  periods  of  time  and,  also,  deter- 
minations of  the  effect  of  weathering,  both  natural  and 
artificial.  In  addition,  tests  of  the  resiliency  of  the 
filler  were  made  by  determining  the  recovery  following 
momentary  compression  of  a  definite  amount. 

Since  the  extended  compression  and  weathering  tests 
required  considerable  time,  it  was  hoped  that  some  cor- 


Figdre    2. — Apparatus   Used    in    Extrusion    Test. 
Siiiks  of  the  Specimen  are  Restrained. 


Three 


relation  could  be  found  between  the  results  of  the 
momentary  compression  tests  and  the  extended  tests. 
Another  series  of  tests  was  made  to  determine  the 
amount  of  extrusion  of  filler  which  might  be  expected 
in  service.  Some  question  arose  regarding  the  amount 
of  compression  to  which  the  filler  should  be  subjected 
in  these  tests.  Several  manufacturers  of  fillers  recom- 
mended compression  to  50  percent  of  the  original 
thickness,  and  this  amount  was  used  in  all  tests  in 
which  compression  was  applied. 

The  manufacturers  of  rubber  fillers  recommended 
that  the  felt  sides  be  removed  prior  to  tests  for  resil- 
iency. It  was  decided,  however,  that  the  fillers  should 
be  tested  in  the  same  condition  as  when  in  service  and 
all  tests  were  made  on  the  complete  filler.  This  prac- 
tice resulted  in  compressing  the  resilient  portion  of  the 
filler  to  a  somewhat  greater  extent  than  suggested  by 
the  manufacturers  since  the  thickness  of  the  felt  side's 
was  included  in  the  measurement  of  the  original  thick- 
ness. In  all  cases  "original  thickness"  refers  to  the 
thickness  of  sample  as  received  in  the  laboratory. 

In  the  test  for  resiliency,  the  specimen  was  placed 
between  two  steel  plates  and  compressed  to  one  half 
its  original  thickness  in  a  universal  testing  machine  at 
a  free  head  speed  of  0.05  inch  per  minute.  The  move- 
ment of  the  specimen  was  measured  with  an  Ames  dial 
reading  to  0.001  inch  and  mounted  on  a  bridge  above 
the  center  of  the  specimen  as  shown  in  figure  1.  Load 
was   transmitted   to   the   specimen    through   the   steel 


cylinder  which  straddled  the  bridge  and  which  had  a 
port  to  permit  observation  of  the  Ames  dial.  When  the 
specimen  had  been  compressed  to  one  half  its  original 
thickness  the  load  was  quickly  released,  and  the 
recovery  noted  at  1  minute  intervals  for  5  minutes. 
At  least  1  hour  later  the  recovery  was  again  determined, 
and  the  procedure  repeated.  After  three  compressions 
the  specimen  wTas  permitted  to  recover  for  24  hours, 
and  a  final  reading  of  recovery  made. 

Extended  compression  tests  wrere  made  to  measure 
the  resistance  of  specimens  to  fatigue.  Specimens  were 
compressed  to  one  half  their  original  thickness,  clamped 
between  steel  plates,  and  held  in  compression  for 
periods  of  from  7  days  to  1  year.  At  the  expiration  of 
each  period  samples  were  removed  from  compression, 
and  the  recovery  in  24  hours  measured.  The  specimens 
compressed  for  7  and  28  days  were  stored  in  the  labora- 
tory, but  the  3-,  6-,  9-,  and  12-month  specimens  were 
exposed  to  atmospheric  conditions. 

Tests  for  durability  included  exposure  to  the  weather 
for  periods  up  to  1  year,  exposure  to  5  cycles  of  freezing 
and  thawing,  and  exposure  to  140°  F.  dry  heat  for  7 
days.  Following  each  exposure,  the  specimens  were 
tested  for  resiliency.  These  tests  were  made  to  deter- 
mine if  natural  conditions  have  any  appreciable  effect 
on  the  specimens.  Specimens  exposed  to  the  weather 
were  clamped  between  steel  plates  with  only  enough 
compression  to  hold  the  plates  snug.  Specimens  sub- 
jected to  frost  action  in  the  laboratory  were  saturated 
with  water  and  frozen  in  water.  Frozen  specimens 
were  thawed  in  water  at  about  80°  F.  One  cycle  was 
completed  each  24  hours.  The  heat  tests  were  made 
in  a  small  oven,  the  source  of  heat  being  one  100-watt 
electric  light  bull). 

In  the  extrusion  tests,  the  specimen  was  compressed 
to  one  half  its  original  thickness  between  steel  plates 
with  three  sides  of  the  specimen  restrained.  The 
apparatus  used  is  shown  in  figure  2.  This  apparatus 
was  placed  in  a  universal  testing  machine  and  load 
applied  to  the  plate  covering  the  specimen  as  in  the 
momentary  compression  tests.  An  Ames  dial  reading 
to  0.001  inch  was  mounted  horizontally  in  front  of  the 
specimen  and  recorded  any  extrusion  of  the  material. 

At  the  start  of  this  investigation  it  was  the  intention 
to  use  6-  by  6-inch  specimens.  The  load  required  to 
compress  some  of  the  fillers  necessitated  the  use  of 
smaller  specimens  since  only  a  40,000-pound  universal 
testing  machine  was  available.  In  some  cases  in  the 
recovery  tests,  specimens  measuring  3  by  3  inches  were 
used.  In  the  extrusion  tests  two  sizes  of  specimens, 
4',  by  4}4  inches,  and  2}i  by  2%  inches,  were  used. 
With  the  exception  of  samples  10  and  11,  all  materials 
were  found  to  be  fairly  uniform  in  structure  and 
behavior.  The  variations  found  in  samples  10  and  11 
are  attributed  to  the  large  particles  of  rubber  used  in 
the  composition. 

sponge  rubber  and  cork  fillers  show  high  recovery  after 
momentary  compression 

The  results  shown  in  the  accompanying  figures  are 
the  average,  in  each  case  of  at  least  three  individual 
tests,  with  the  exception  of  the  data  for  figures  10,  13, 
and  14.  In  these  figures,  each  point  represents  the 
average  of  from  1  to  6  tests.  Tabulated  data  showing 
the  individual  results  are  omitted  in  order  to  conserve 
space. 

The  results  of  the  momentary  compression  tests  are 
shown  in  figure  3.     In   these  tests  each  sample  was 
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Figure   3. — Thickness   of   Samples   After   Three    Applications  of  Momentary  Compression  and  Recover!    Periods 

as  In  dicated. 


compressed  three  times  to  one  half  its  original  thickness 
with  the  load  immediately  released  after  each  compres- 
sion. Rest  periods  of  1  hour  followed  each  of  the  first 
two  compressions  and  one  of  24  hours  followed  the  third 
compression.  The  several  sponge-rubber  fillers  and 
the  cork  fillers  recovered  to  at  least  94  percent  of  their 
original  thickness.  The  fillers  of  cane  fiber  recovered 
.it  least  78  percent  of  the  original  thickness.  The 
fillers  composed  of  asphalt  and  rubber  showed  varying 
amounts  of  recovery  ranging  from  63  to  77  percent,  the 
filler  containing  the  finely  ground  rubber,  no.  13,  being 
the  least  efficient.  The  plastic  asphaltic  filler  showed 
the  least  recovery  of  any  specimen,  as  was  expected. 

Average  curves  showing  the  rate  of  recovery  for  24 
hours  after  release  of  pressure  are  given  in  figure  4.  In 
most  cases  practically  all  of  the  recovery  was  obtained 
immediately  upon  release  of  pressure,  and  in  only  one 
case,  that  of  the  asphalt-rubber  samples,  was  there  any 
material  increase  in  recovery  between  5  minutes  and  24 
hours.  It  appears  that  accurate  classification  can  be 
made  with  a  recovery  time  of  only  5  minutes. 

Figure  5  shows  the  unit  loads  required  to  compress 
the  different  specimens  to  one  half  their  original  thick- 
ness. In  several  cases  the  load  for  the  second  and  third 
compression  was  lower  than  for  the  one  before  it.  This 
is  accounted  for  by  the  relatively  large  set  which  oc- 
curred on  the  first  compression.  Due  to  this  set,  the 
material  was  not  compressed  to  as  great  an  extend  on 
the  second  or  third  loading  as  on  the  first,  and  a  smaller 
load  was  required.  In  some  cases  some  change  in  the 
physical  characteristics  of  the  material  occurred  in  the 
first  compression,  and  a  larger  load  was  required  there- 
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time  of  recovery 

Figure    4.— Typical    Time-Recover?    Curves    Aftek     Com- 
pression to  50  Percent  of  Original  Thickness. 

after  to  compress  the  material.  This  is  illustrated  by 
samples  I  and  5.  The  cork  filler  was  apparently  affected 
hut  little  by  the  compression,  since  the  loads  required 
were  practically  constant  for  all  three  compressions. 

The  sponge-rubber  samples,  nos.  1  to  7  hut  excluding 
3,  showed  considerable  differences  in  the  loud  required 
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cations  of  Load.      No  Restraint  at  Edges. 


at    Each    of    Three    Appli- 


to  compress  them.  Sample  1  required  about  twice  the 
load  required  for  sample  2,  although  both  were  made 
by  the  same  manufacturer.  Sample  1  was  only  one  half 
as  thick  as  sample  2  and,  since  the  felt  sides  were  not 
removed  from  the  specimens,  the  rubber  in  sample  1 
was  compressed  to  a  greater  extent.  It  was  expected 
that  a  greater  load  would  be  required.  On  the  other 
hand,  in  the  eases  of  samples  4  and  5,  the  thicker 
materia]  required  the  greater  load.  Samples  6  and  7, 
which  were  both  approximately  one  half  inch  thick, 
required  relatively  high  loads  to  compress  them  to  half 
of  their  original  thickness. 

The  load  required  to  compress  joint  idlers  is  of 
interest  since  it  is  an  indication  of  the  compressive 
stress  in  the  concrete  pavement  when  the  joint  filler  is 
deformed.  Other  things  being  equal,  the  filler  requiring 
the  least  load  for  compression  might  reasonably  be 
considered  the  most  desirable  since  the  concrete  would 
be  stressed  the  least. 

A  specification  for  resilient  joint  idler  suggested  by 
a  State  highway  department  requires  the  determina- 
tion of  the  resiliency  alter  5  compressions  to  one  half 
of  the  original  thickness  with  1-hour  rest  periods  after 
each  compression.  Samples  of  sponge-rubber,  cork, 
and  fiber  Ciller  were  tested  under  the  proposed  method 
and  the  results  compared  with  those  obtained  in  the 
three-cycle  test  previously  discussed.  Figure  6  shows 
that  comparatively  little  change  was  found  after  the 
first  application  of  load.  It  is  apparent  that  a  measure 
of  the  resiliency  may  be  obtained  from  the  first  few  cycles 
of  compression  and  recovery.  The  five-cycle  test 
involving  a  testing  period  at  least  2  hours  longer  than 
that  required  by  the  three-cycle  test  does  nol  seem  to 
be  necessary. 


DIFFERENT    FILLERS    VARY    GREATLY    IN    AMOUNT    OF    EXTRUDED 
MATERIAL 

The  capacity  of  the  testing  machine  available  for 
these  tests  limited  the  size  of  the  sample.  A  number 
of  the  specifications  proposed  by  the  manufacturers  of 
filler  materials  recommended  the  use  of  a  4-  by  5-inch 
test  sample  for  the  extrusion  test.  It  was  found  neces- 
sary to  use  smaller  samples  and  two  sizes,  4%  and  2){ 
inches  square,  were  used.  Tests  were  made  on  the 
samples  of  sponge  rubber  and  cork  filler  using  both 
sizes  of  specimen  to  determine  if  the  size  had  any 
effect  on  the  amount  of  extrusion.  All  specimens  were 
compressed  to  one  half  the  original  thickness  with 
restraint  on  three  edges.  No  appreciable  difference 
in  amount  of  extrusion  was  found  between  the  twro  sizes 
of  specimen.  It  was  found,  however,  that  the  extrusion 
of  the  sponge-rubber  filler  varied  directly  with  the  thick- 
ness of  the  material. 

The  results  of  the  extrusion  tests  in  figure  7  show  the 
asphaltic  and  asphalt-rubber  fillers' to  have  the  greatest 
extrusion.  The  sponge-rubber  fillers  showed  extrusions 
of  from  one  tenth  to  one  quarter  of  an  inch.  The  cork 
and  fiber  fillers  had  practically  no  extrusion.  The  cork, 
fiber,  and  most  of  the  sponge-rubber  fillers  had  no  meas- 
urable permanent  extrusion,  the  extruded  material 
returning  to  its  original  position  upon  release  of  pres- 
sure. Samples  6  and  7  showed  some  permanent  ex- 
l  rusion  but  this  did  not  exceed  0. 1  inch.  The  asphaltic 
and  asphalt-rubber  fillers  had  practically  no  recovery 
of  the  extruded  material.  Figure  8  shows  a  sample  of 
asphaltic  filler  after  the  test.  The  extrusion  on  the 
left  was  permitted  by  a  slight  movement  of  the  upper 
plate  during  the  test. 
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Figure  6. — Thickness  at  5  Minutes  After  Each  <>f  Five 
Applications  of  Momentary  Compression  to  One  Half 
the  Original  Thickness.      No  Restraint  of  Edges. 

_  In  most  cases  the  load  required  In  produce  compres- 
sion to  one  half  the  original  thickness  was  hut  little 
greater  with  three  edges  restrained  than  with  all  edges 
free.  The  asphalt-rubber  samples  and  samples  ti  and 
7,  of  sponge  rubber,  however,  required  a  considerably 
greater  load  with  3  edge-  restrained.  Recovery  of 
specimens  after  the  two  tests  was  approximately  the 
same,  as  shown  by  figure  9. 


SAMPLES    EXPOSED    TO    NATURAL    \M>     ARTIFICIAL    WEATHERING 

Tests  to  determine  the  effect  of  weathering  were  made 
by  placing  specimens  between  steel  plates  and  expos- 
ing them  to  the  weather.  Sample  13  was  not  tested 
because  it  was  received  too  late  to  obtain  extended  ex- 
posure without  delaying  the  report.  The  cork  joint, 
sample  12,  was  also  received  late  and  was  exposed  only 
6  months.  Samples  were  exposed  to  the  weather  for 
periods  of  3,  ti,  <),  and  1 '_'  months  and  then  subjected  to 
three  applications  of  momentary  compression  to  one 
half  of  their  original  thickness  at  hourly  intervals  and 
after  a  24-hour  recovery  period  the  thickness  was 
measured.  The  average  results  are  shown  in  figure  HI. 
The  sponge-rubber  and  liber  fillers  apparently  were  not 
affected  by  the  year's  exposure  to  weathering.  The 
cork  filler  showed  no  deleterious  effect  of  weathering 
at  an  age  of  6  months. 

Considerable  variation  in  the  test  results  was  found 
for  the  samples  of  asphalt-rubber  filler.  These  sam- 
ples, numbers  10  and  11,  contained  large  pieces  ol  vul- 
canized rubber.  Some  variation  from  sample  to  sample 
would  probably  be  expected  with  small  samples  and  it- 
is  believed  that  this  variation  accounts  lor  the  erratic 
results  obtained.  Considering  the  entire  series  of 
tests  on  tile  asphalt-rubber  filler  it  may  be  said  thai 
there  i-  no  evidence  of  the  effect  of  weathering. 

A  record  of  the  temperatures  to  which  the  test  speci- 
mens were  exposed  was  obtained  from  a  maximum  and 
minimum  thermometer  placed  beside  the  specimen 
racks  Figure  11  shows  rather  high  maximum  tem- 
peratures for  the  greater  portion  of  the  year.  The 
test  specimens  were  placed  on  the  roof  of  a  building 
near  the  wall  of  an  adjoining  building,  where  they  were 
protected  from  the  prevailing  wind  but-  exposed  to  the 
direct  sunshine.  The  weather  was  mild  and  in  onh 
5  weeks  did  the  temperature  fall  below  freezing. 

Since  expansion  joint  Idlers  would  be  subjected  to 
more  severe  weathering  in  certain  portions  of  the  coun- 
try, samples  of  the  materials  were  exposed  to  both  heat 
and  frost  action  in  artificial  weathering  tests.  At  the 
completion  ol  each  treatment,  the  samples  affected 
were  given  three  momentary  compressions,  and  the 
recovery  measured  (24-hour  recovery).  Figure  12 
show-  that  exposure  to  a  temperature  of  140°  F.  for  a 
period  of  7  days  was  found  to  have  no  appreciable 
effect  on  any  of  t he  samples  tested. 

In  the  freezing  test,  live  cycles  of  freezing  and  thaw- 
ing in  water  seriously  affected  some  of  the  test  speci- 
mens. One  of  t  he  cane  liber  specimens  was  completely 
separated  into  two  parts,  and  others  were  partially  split 
open.  Failure,  was  of  course,  on  a  plane  parallel  to 
the  surface  of  the  material.  Sponge-rubber  Idlers  1 
and  o  were  also  affected  by  the  frost  action,  the  felt 
backing  separated  from  the  rubber  and  the  rubber  itself 
warped  out  of  plane  and,  in  some  cases,  expanded  lon- 
gitudinally. Reference  to  figure  12  shows,  however, 
that  the  resilient  properties  of  the  damaged  specimens 
had  been  affected  only  to  a  very  slight  extent. 

Sustained  compression  tests  were  made  as  a  measure 
of  the  enduring  properties  of  the  materials.  Samples 
of  each  sponge-rubber  filler  were  tested  for  periods  of 
from  7  days  to  1  year.  Tests  on  the  cork  Idler  are  now 
available  for  only  <i  months  since  the  material  was 
received  at  a  later  date  than  the  other  samples.  The 
great  loss  in  resiliency  resulting  from  the  momentary 
compression  of  asphalt-rubber  and  cane-fiber  Idlers  did 
not  warrant  further  tests  on  these  materials.  I  Iowever, 
test-   on    these    types   were    made   after   sustained    com- 
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mens. Samples  were  Exposed  for  Various  Periods, 
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nal Thickness  Three  Times  at  Intervals  of  1  Hour  and 
Recovery  Measured  After  a  24-Hour  Rest  Period. 


120 


Figure  11. — Temperature  Record  During  Exposure    Test 

Period. 

prcssion  for  7  days  and  3  and  (i  months.  Asphalt- 
rubber  filler  no.  13  was  nor  tested  due  to  the  lateness  of 
receipt  and  the  small  amount  of  material  submitted. 
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of  Samples  Subjected  to  Artificial  Weathering. 

all  samples  show  progressive  loss  in  resiliency  with 
si  STAINED  COMPRESSION 

The  recovery  of  specimens  after  sustained  com- 
pression is  shown  in  figures  13  and  14.  Figure  13  shows 
average  values  for  each  type  of  material  while  the 
results  for  each  sample  of  sponge-rubber  filler  are  show  n 
in  figure  It.  A  recovery  period  of  2  1  hours  was  used  in 
all  cases.  The  cork  filler  showed  a  progressive  loss  in 
resiliency  with  increase  in  time  of  compression.  After 
being  compressed  for  7  days,  the  cork  filler  recovered 
to  90  percent  of  its  original  thickness,  but  after  6 
months  compression  a  recovery  to  only  63  percent  was 
found.  The  sponge-rubber  filler  showed  on  the  average 
somewhat  better  recovery  at  7  day-,  but  at  6  months 
the  recovery  was  practically  the  same  as  for  the  cork. 
Alter  being  under  compression  for  1  year,  the  sponge 
rubber  in  general  had   practically  no  recovery.     Con- 
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Rubber  in  2-1  Hours  \ftkh  Various  Times  of  Compression. 

sideration  of  the  individual  samples  of  sponge  rubber 
indicates  that  one  sample  is  somewhat  superior  to  the 
others  in  resistance  to  fatigue.  This  sample,  no.  5, 
showed  a  recovery  to  67  percent  after  compression  for 
1  year.  Sample  I,  made  by  the  same  manufacturer, 
showed  no  recovery,  and  it  is  possible  that  the  results 
for  sample  5  may  be  somewhat  in  error.  Four  of  the 
other  samples  showed  no  change  in  thickness  upon  re- 
lease of  pressure,  and  one  recovered  slightly  to  53 
percent  of  its  original  thickness.  After  compression  for 
28  days,  all  samples  of  sponge  rubber  showed  recoveries 
of  74  percent  of  their  original  thicknesses  or  better. 
The  fiber  and  asphalt-rubber  fillers  had  relatively  little 
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recovery  even  after  only  7  days  compression,  while  at  3 
and  6  months  the  recovery  was  practically  negligible. 

Absorption  tests  were  made  on  all  samples.  Test 
specimens  were  weighed,  immersed  in  water  for  24 
hours,  wiped  surface-dry  and  reweighed.  The  results 
given  in  figure  15  show  the  cane  fiber  filler  to  be  the 
most  absorptive  and  the  asphaltic  and  asphalt-rubber 
fillers  to  be  the  least.  The  sponge-rubber  fillers  show- 
absorptions  varying  from  2.8  percent  to  5.8  percent  by 
weight.  The  cork  filler  absorbed  only  2.6  percent 
water  by  weight.  In  the  case  of  the  sponge-rubber 
and  asphaltic  samples  the  felt  or  burlap  backing 
probably  absorbed  an  appreciable  amount  of  water. 

While  the  tests  reported  in  this  investigation  can- 
not be  said  to  be  complete,  it  is  believed  that  sufficient 
data  have  been  obtained  to  furnish  a  fairly  accurate 
knowledge  of  the  capabilities  of  the  various  materials 
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studied.  It  must  be  said  that  the  perfect  expansion- 
joint  filler  is  yet  to  be  developed.  None  <>!'  the  ma- 
terials tested  show  all  of  the  qualities  desired  in  a  filler. 
So  far  as  resiliency  is  concerned,  however,  the  majority 
of  the  materials  tested  are  considerably  superior  to  the 
plastic  asphaltic  fillers  which  have  been  used  for  main 
years. 

Of  the  materials  tested,  the  sponge-rubber  and  cork 
fillers  appear  to  combine  to  the  highest  degree  the 
features  of  resiliency,  durability,  and  resistance  to 
extrusion  which  are  considered  desirable  in  expansion 
joint  fillers.  The  chief  question  regarding  the  sponge- 
rubber  tiller  is  the  probable  service  life  of  the  material. 
One  year's  exposure  to  the  weather  failed  to  cause  any 
apparent  change  in  the  characteristics  of  the  sponge 
rubber.  However,  no  definite  information  is  avail- 
able beyond  this  period.  No  conclusions  can  therefore 
be  drawn  at  this  time  regarding  the  relative  durability 
of  fillers  of  this  type. 

The  cane  or  vegetable  fiber  filler  possesses  the  best 
resistance  to  extrusion  of  any  material  included  in  this 
investigation.  It  is  not  very  resilient  and  cannot  be 
considered  as  efficient  from  this  point  of  view  as  either 
sponge  rubber  or  cork.  Although  the  fiber  joint  is 
easily  damaged  by  frost  action,  tests  on  frozen  samples 
show  no  appreciable  loss  of  resiliency.  It  is  possible 
that  after  the  material  is  installed  frost  action  would 
have  little  deleterious  effect  on  its  performance. 

Information  obtained  from  various  sources  indicates 
that  changes  in  length  of  as  much  as  one  quarter  inch 
may  be  expected  in  a  40-  to  50-foot  concrete  slab  due 


to  variations  in  temperature  anil  moisture  content. 
These  tests  indicate  the  desirability  of  using  1  inch  of 
cork  or  sponge  rubber  filler  lor  each  40-  to  50-foof  slab 
if  it  is  desired  to  make  allowance  for  the  maximum 
i  |i.iii>ion  which  may  occur  and  at  the  same  time  have 
the    joints   tightly    filled    with   desirable   material. 

The  asphalt-rubber  fillers  appear  to  be  the  Jeast 
desirable  of  the  materials  studied.  These  fillers  show 
relatively  little  resiliency  and  have  large  amounts  of 
extrusion.  In  these  respects  they  are  little  better 
than  the  plastic  asphaltic  joint   fillers. 

CONCLUSIONS 

The  following  conclusions  appear  to  be  warranted 
by  the  test  results. 

1.  Considering  the  essential  features  of  the  resilient, 
types  of  filler  as  determined  by  the  tests  described  in 
this  report,  the  different  types  studied  may  be  rated 
as  follows: 

(a)  Sponge  rubber  and  cork 
/».    Fiber 
(c)  Asphalt-rubber 

2.  The  different  samples  of  sponge-rubber  filler  ex- 
hibit a  considerable  range  in  physical  characteristics, 
which  warrants  careful  investigation  of  any  particular 
material  prior  to  use. 

3.  A  compression  test  with  3  edges  restrained  is 
believed  suitable  for  testing  resilient  expansion  joint 
fillers.  Measurements  of  the  recovery,  extrusion,  and 
applied  load  can  be  made  in  a  single  test. 


(Continued  from  p.  liil 

area   extending  not  less  than   1   foot  beyond   the  edge 
of  the  pavement  and  to  a  depth  of  not  less  than  2  feel 
Excavation  for  the  entire  width  of  roadway  and  back- 
filling with  selected  material  is  preferable  to  the  use  of 
drains  in  excavated  trenches. 

3.  The  same  preventive  measures  should  be  adopted 
for  bituminous  road  surfaces  as  are  employed  for  con- 
crete road  surfaces. 

4.  A  porous  granular  material  of  the  A-3  soil  group 
should  be  substituted  for  excavated  frost-heave  soil. 
In  locations  where  the  cost  of  this  type  of  material  is 
excessive,  topsoil  may  be  used.  The  topsoil  should  be 
carefully  selected  from  weathered  soil  layers  and  should 
be  free  from  accumulations  of  lime. 

5.  Drains  do  not  prevent  frost  heave  in  typical  frost- 
heave  soils  such  as  the  silts,  silt  loams,  silty  clays,  and 
silty  clay  loams.  According  to  the  results  of  tests, 
most  of  these  soils  possess  the  physical  properties  of  the 
group  A-4  soils. 


6.  Frost  heave  caused  by  blocked  drains  or  a  high 
water  table  in  porous  A-3  soils  may  be  prevented  by 
the  installation  of  drains.  A  thorough  investigation 
of  the  soil  conditions  at  each  location  should  be  made 
and  the  drainage  system  designed  accordingly. 

7.  Frost  heaving  in  profiles  C  and  K  (fig.  5)  may  be 
prevented  by  drainage.  In  order  to  eliminate  detri- 
mental frost  action  under  the  conditions  represented 
by  the  remainder  of  the  profiles,  the  frost-heaving 
soils  should  be  excavated  (or  grade  line  raised)  and 
selected  material  placed  beneath  the  surfacing.  The 
type  of  treatment  should  be  governed  by  the  perma- 
nence of  the  surfacing  and  the  traffic  requirements. 

8.  Information  furnished  by  soil  surveys,  made  prior 
to  construction,  should  be  utilized  in  fixing  highway 
grades  in  such  a  manner  as  to  correct  the  deficiencies  of 
the  natural  soil  profiles,  with  artificially  constructed 
soil  profiles.  This  practice  will  result  in  greater  econ- 
omy than  the  correction  of  defects  in  t  he  si  1 1  (grade  after 
the  grading  and  surfacing  have  been  completed. 
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THE  CONSTRUCTION  OF  HIGH-TYPE 
BITUMINOUS  PAVEMENTS 


BY  THE  DIVISION  OF  MANAGEMENT,  U.S.  BUREAU  OF  PUBLIC  ROADS 

Reported  by  C.  F.  ROGERS,  Assistant  Highway  Engineer 


[N  1926  the  Bureau  of  Public  Roads  undertook  a 
study  of  construction  methods  and  costs  on  bitumin- 
ous concrete  highway  projects.  Twenty-three  proj- 
:cts  in  7  States  with  an  aggregate  length  of  150  miles  were 
elected  for  study.  Each  of  the  projects  was  desig- 
lated  by  a  job  number  which  is  used  throughout  this 
eport.  Detads  concerning  the  lengths  of  the  projects, 
ons  of  surfacing  for  different  courses  and  thickness  of 
:ourses  are  given  in  table  1.  The  projects  range  in 
ize  from  a  minimum  of  1,600  tons  to  a  maximum  of 
:9,000  tons. 

To  facilitate  comparison,  actual  mileages  have  been 
idjusted  to  mileages  of  pavement  20  feet  wide  and  of 
equivalent  area.  The  tonnage  per  square  yard  and  per 
nile  for  base  and  surface  courses  is  shown  for  each 
>roject.  The  tonnage  of  material  in  base  courses  in- 
iludes  material  used  as  a  base  in  surface  widening,  full- 
vddth  base  sections  on  relocation,  and  the  course 
irdinarily  referred  to  as  the  leveling  course  and  placed 
in  the  base.  Surface  courses  include  only  top  or 
rearing  courses  whether  constructed  on  base  of  similar 
>r  dissimilar  type.  The  average  base  and  surface 
hickness  has  been  derived  for  each  project  by  calcula- 
ions  based  on  actual  specific  gravities  developed  in  the 
various  courses  and  actual  weights  of  each  course. 
Averaging  the  figures  for  all  projects  results  in  an  aver- 
ige  project  with  a  20-foot  surface,  5.15  inches  of  bitu- 
ninous  mixture,  6.5  miles  in  length  and  containing 
!,142  tons  of  material  per  mile.  This  average  project 
•equired  20,426  tons  of  material,  but  recent  projects 
lave  required  approximately  54,000  tons  in  12  miles 
ind  65,000  tons  in  14  miles. 
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A  Modern,  Large-Capacity  Plant  Showing 
Mixer,  and  Storage  Box.  Trucks  D 
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Table   1. — Length,  thickness,  and  quantities  involved  in  projects  studied 


Juii  no. 


Miles 
8  28 
9.09 
6.57 

5.  89 
13.91 

I  58 
4.40 
1.55 

6.  59 
3.45 
6.26 
6.19 
2.75 
1.41 
2.29 
7.27 
I  :;i 

12.20 

1.  49 

8.62 
9.89 
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Weighted  average. 


Length  of 

20-foot 

pavement 

equivalent 

in  area 


0.50 


Quantities  required 


Base      Surlier       l    tal 


Tons 
16,294 

18,  877 


196 

17.131 

6,  967 
1,307 
15,353 

3,191 
8,934 

11,198 


3,946 
15,316 

1,286 
26,776 

."UMI 

9,144 
26,238 
21,  193 
29,823 


12.044 


Tons 

9,  158 

9,954 

5,  599 

19 

21,392 
3,348 
5, 951 
3, 153 

7.  733 

'.1.721 
7,642 

1,638 
2,252 
Hi,  180 
3,  862 
13,327 
19,270 

8,  mi 

13,  117 

12,  163 

13,  73:! 


Quantities  per  square 

yard 


Base       Surface      Total 


Tons 
n  097 
.  093 
.  073 
.  075 
.  131 
.  062 
.  115 
.  173 
.  100 
.  073 
.  132 
.  105 
.074 



.084 
.  119 
.076 
.115 
.  135 
.  160 
.119 
.120 
.119 


MM 


Tons 
n  265 
.  271) 
.073 
.  155 
.  236 
.  165 
.250 
.  245 
299 
.  152 
.  254 
259 
.1171 
.  099 
.  231 
.  299 
.  160 
.  347 
,342 
.  333 
.351 
.334 


Quantities  per  mile 


Base 


Tons 
1,968 

2,077 


93  ; 
1,228 

1,  192 
1,580 

843 

2,  326 

1.  125 

1.809 


1 ,  723 

2,  107 
987 

2.721 
2,  133 
2, 037 
2,  727, 
2,  507. 
3,019 


Surface      Total 


Tons 

1,  112 

1,095 

851 

884 

731 

2,034 

1,  172 
856 

1,551 
1.2:il 

S70 
1.  161 

983 

1.  Kill 

Mill 

1 .  355 

1,873 
1,396 

1.  Ill 


I'll  IIS 

X  110 

:i,  172 

851 

1,817 

2.  S77 
3  198 
1,781 
2,976 

:;,  in:; 
870 

1.  Hil 

2,  7l)i; 

1.S77 
1,070 
■1.1)12 

4,  121 

I.  109 


Num- 
ber »f 
1 rses 


Thickness 


Base       Surface      Total 


3,  112 


Inches 

:t.  25 

3     17 

1 
2.  03 
1   99 

1.65 

1 .  53 

2.  79 


3  is 
1.77 
I    19 

I  1111 
:f  34 

4.  13 

I   '17 


3,  II 


Inches 
1   7'.) 
1.72 
1     ,1 

1  12 

2.  12 
1.  17 

2  32 

3.  52 

1  85 

2  1/.  1 

1  99 

1 .  Oil 

2.  20 

,0 
2.  13 

2  22 
2.20 


7,  Dl 
5.  1  4 

1.  54 

2.  97 
4.45 
:i.  16 
.'..  in 
5.  1  7 
5.70 
2.91 

4.97 

7.  17 


2  HI 


47080—34- 
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By  far,  the  greater  number  of  projects  studied  con- 
sisted of  surfacing  laid  directly  on  old  cement  concrete 
pavements,  although  a  few  surfaces  were  placed  on  new 
subgrade  or  on  new  cement  concrete  base.  In  all  cases, 
except  one,  the  surfacing  was  placed  between  side  forms 
of  wood,  steel,  or  concrete  and  finished  to  these  forms. 
All  of  the  single-course  pavements  were  laid  on  cement 
concrete  base  of  a  lean  mix,  and  a  thickened-edge  sec- 
tion with  curbs  for  lateral  support.  In  the  case  of  the 
one  project  where  side  forms  were  not  used  the  base  was 
made  1  foot  wider  than  the  surface  course. 

The  mixes  used  include  those  commonly  referred  to  as 
sheet  asphalt,  fine  aggregate  bituminous  (or  asphaltic) 
concrete,  coarse  aggregate  bituminous  concrete,  and 
modifications  of  certain  patented  types  of  pavement  on 
which  patents  are  no  longer  operative.  In  the  study 
of  rates  of  production  and  costs,  only  those  items  di- 
rectly related  to  the  actual  pavement  are  included  and 
such'items  as  subgrading,  form-setting,  and  production 
of  materials  are  omitted. 

The  projects  were  all  of  such  size  as  to  justify  con- 
struction with  a  single  plant  set-up.  In  most  cases  the 
plants  were  located  near  the  center  of  the  job  but  factors 
such  as  the  location  of  satisfactory  sidings,  space  rentals, 
and  accessibility  made  it  desirable  to  locate  some  plants 
at  a  distance  from  the  center. 

TYPICAL  PROCEDURE  IN  BITUMINOUS  CONCRETE  CONSTRUCTION 
DESCRIBED 

Figure  1  shows  the  plan  and  elevation  of  a  typical 
bituminous  concrete  plant.  Aggregates  are  usually 
delivered  by  rail  to  an  adjacent  siding.  From  2  to  4 
separated  sizes  are  delivered.  The  aggregate  is  moved 
from  the  cars  to  stock  piles  from  which  the  "cold 
bucket-elevator"  is  fed.  At  some  plants  the  unloading 
is  done  by  crane  and  at  others  the  tracks  of  the  siding 
are  elevated  permitting  bottom-dumping  of  cars  and 
gravity  feed  to  bins  or  piles.  Gravity  feed  from  bins  to 
the  bucket  elevator  with  the  flow  regulated  by  control 
gates  is  frequently  used.  Belt  conveyors  are  also  used, 
particularly  for  the  sand.  The  different  sizes  of  aggre- 
gate should  be  fed  to  the  elevator  in  the  proportions 
required  for  the  mix  as  nearly  as  is  possible. 

The  cold  elevator  hoists  the  material  to  the  diver  for 
drying  and  heating.  When  this  operation  is  com- 
pleted the  material  is  discharged  by  gravity  to  the  hot 
pit  beneath.  At  some  plants,  a  blower  and  dust  col- 
lector (see  fig.  1)  is  used  to  by-pass  the  fine,  dry  material 
to  prevent  clogging  the  dryer.  The  fine  material  is 
wasted  or  deposited  in  the  hot  elevator  pit  with  the 
larger  heated  aggregate. 

An  elevator  raises  the  material  from  the  hot  pit  to 
screens  at  the  top  of  the  plant  where  it  is  separated  into 
the  required  sizes  and  then  deposited  in  storage  bins 
located  over  the  weighing  hopper.  Where  filler  is  used, 
it  is  generally  conveyed  from  ground  storage  to  a  sepa- 
rate bin  from  which  it  may  be  fed  by  gravity  or  screw 
conveyor  to  the  weighing  box. 

A  boiler  is  used  to  furnish  steam  for  heating  materials 
and  to  operate  the  various  power  units.  The  boiler  is 
usually  heated  by  fuel  oil  which  is  stored  in  tanks  and 
pumped  to  the  boiler.  Asphalt  is  drawn  from  cars  and 
stored  in  an  underground  tank  where  it  is  heated  by 
steam  coils  or  tubes.  The  asphalt  is  pumped  from 
this  pit  to  the  mixing  platform  on  the  main  tower  of 
the  plant  just  above  the  pug  mill. 

A  batch  is  proportioned  by  allowing  each  size  of  ag- 
gregate to  flow  into  the  weighing  box  in  the  proper 


DUST 
STORAGE 


DUST  ELEVATOR 


'DUST   ELEVATOR 


COLD   ELEVATOR 


Figure  1. — Tytical  Arrangement  of  Mixing  Plant. 

amount  as  determined  by  weight.  The  aggregates  are 
then  dumped  into  the  pug  mill,  which  is  in  continuous 
operation,  and  the  asphalt  is  admitted  while  the  mate- 
rials are  being  agitated.  On  completion  of  the  mixing 
the  batch  is  discharged  through  a  steam-activated  dis- 
charge gate  to  a  storage  box  or  directly  to  hauling 
equipment. 

The  mixed  material  is  hauled  to  the  road  and  de- 
posited directly  on  the  surface  or  in  spreader  boxes. 
It  is  then  either  shoveled  and  raked  into  place  or  it  is 
spread  with  the  spreader  boxes.  Following  the  initial 
spreading,  the  final  spreading  and  raking  is  often  done 
by  hand  but  recently,  particularly  in  the  west,  the 
mechanical  finishing  machine  has  to  a  large  extent 
replaced  hand  finishing. 

Rolling  is  done  with  a  variety  of  types  of  rollers. 
Both  the  macadam  and  tandem  type  are  used  and 
weights  range  from  3  to  15  tons. 

PLANT  MODIFICATIONS  DESCRIBED 

Many  modifications  from  the  plant  arrangement 
which  has  been  described  were  observed  but  the  general 
methods  remained  unchanged.  On  some  projects  in 
the  Middle  Western  States  the  various  plant  acces- 
sories were  built  around  a  mixing  unit  mounted  on  a 
railroad  flat  car.  With  such  plants  the  economy  of 
easy  movement  is  largely  offset  by  small  capacity  which 
is  inherent  in  the  design.  At  one  large  plant,  an 
elevator  fed  hot  material  to  screens  and  batcher  on  one 
tower  and  a  second  elevator  raised  the  batches  to  a 
hopper  supplying  the  mixer  on  another  tower.  This 
arrangement  reduced  the  over-all  height  of  the  plant. 
At  another  plant  of  medium  capacity  the  units  were 
arranged  horizontally  on  low  towers  with  furnace,  dryer, 
screen  hopper,  and  mixer  assembly,  and  power  plant  in 
the  order  named.  Most  of  the  plants  studied  had  very 
desirable  jacking  and  other  devices  for  assembling  units 
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with  speed  and  facility.  The  plant  design  which  pro- 
vides a  balanced  How  of  materials  through  the  several 
units  witli  a  minimum  number  of  simple  mechanical 
devices  will  also  provide  the  greatest  freedom  from 
breakdown  and  delay. 

TIME  DISTRIBUTION  AND  DELAY  STUDIED 

Although  the  plants  studied  varied  somewhat  in 
their  arrangement,  the  particular  functions  of  the 
various  units  were  comparable.  On  every  project 
there  was  a  limiting  unit  or  bottle  neck,  past  which 
the  materials  could  flow  only  in  definitely  limited 
amount.  The  removal  of  this  bottle  neck  at  one  unit 
would  only  transfer  it  to  some  other  unit  which  would 
then  fix  the  rate  of  production.  The  purpose  of  the 
time  study  has  been  to  derive  the  limiting  rate  for  each 
unit  or  part  of  the  plant  and  gradually  to  synchronize 
the  several  units  by  adjustment  of  size  and  speed  or 
improvement  of  control  of  moving  parts. 

Stop-watch  studies  covering  thousands  of  hours 
were  made  of  repetitive  operations,  such  as  loading, 
batching,  and  mixing.  Analysis  of  these  data  resulted 
in  detailed  information  concerning  operating  cycles 
and  capacity  of  each  unit.  An  accurate  record  was 
kept  of  the  cause  and  amount  of  all  delays.  Delay  or 
lost  time  was  classed  as  "major"  or  "minor."  Major 
delays  are  definite  stops  in  excess  of  15  minutes  and 
may  occur  during  working  hours  or  as  a  prolonged 
shut-down.  Minor  delays  occur  only  during  working 
hours  under  full  expense  and  are  usually  of  greater 
relative  cost  than  major  delays.  They  may  be  only  a 
few  seconds  in  duration  but  may  recur  frequently  in 
cyclical  operation.  Study  of  stop-watch  records  for 
typical  hours  of  operation  indicated  the  extent  of  each 
kind  of  delay  and  comparisons  were  made  on  a  per- 
centage basis.  It  has  been  assumed  that  such  per- 
centages reflect  the  time  distribution  during  all  of  the 
working  hours.  The  correctness  of  this  assumption 
has  been  checked  by  comparison  with  records  covering- 
protracted  periods  and  the  error  is  found  to  be  less  than 
one  tenth  of  1  percent. 

Job  time  or  "available  time"  is  based  on  the  length 
of  the  average  working  day  and  the  days  of  job  dura- 
tion with  the  exception  of  Sundays  and  holidays 
The  elimination  of  major  delays  from  available  time 
results  in  "working  time"  during  which  the  full  crew 
is  always  on  the  job.  The  subtraction  of  minor  delays 
from  working  time  results  in  "utilized  time"  during 
which  the  plant  is  operating  at  100  percent  efficiency. 
In  conducting  the  study  both  major  and  minor  delay- 
were  classified  as  to  causes  and  also  as  to  whether  thej 
were  avoidable,  partly  remediable  by  good  manage- 
ment, or  unavoidable. 

The  results  of  such  studies  are  shown  in  tables  2  and  3 
and  figure  2.  The  nature  and  extent  of  all  major  and 
minor  delays  observed  in  the  time  studies  on  each  of 
the  23  jobs  are  shown  in  table  2.  The  available  time 
on  each  project  is  shown  in  days  and  the  average  work- 
ing day  is  shown  in  hours.  The  product  of  these  two 
yields  the  total  available  hours  for  each  project,  and 
the  summation  of  all  projects  gives  12,(34(3  hours  total 
available  time.  Major  delays  resulting  from  1.")  general 
causes  are  responsible  for  the  loss  on  all  jobs  of  4,552 
hours,  or  36  percent  of  all  available  time.  Minor  delay- 
resulting  from  9  general  causes  account  for  the  loss 
of  1,801  hours  out  of  8,094  working  hours — a  loss  of  22 
percent  of  working  time  and  14  percent  of  available 


1  RAIN  AND  SNOW 

2  WET  BASE  OR  SUBGRADE 

3  COLO  AND  FOGGY  WEATHER 

4  MISCELLANEOUS 

5  MECHANICAL   TROUBLE  AT  PLANT 

6  MOVING,  CHANGING  MIX,  ETC 

7  MECHANICAL  TROUBLE  ON   STREET 

8  LACK  OF  MATERIALS  AT  PLANT 


DELAY  LEGEND 

9  HEATING  MATERIALS 

10  HAULING   EQUIPMENT  SUPPLY  AND 
OPERATION 

11  BINS  EMPTY  OR  OVERFLOWING 
IE     HANDLING  AGGREGATE  AT  PLANT 

13  OPERATIVE  DELAY  AT  PLANT 

14  LACK  OF  SUBGRA0E 

15  HANDLING  ASPHALT  AND  FUEL 


16    LATE  START  -  MANAGEMENT 

Figure  2. — Available     Time     Distributed     According     to 
Time    Utilized  and   Time   Lost. 

time  on  all  jobs.  Of  the  12,646  available  hours,  but 
(3,293  hours  are  utilized  in  the  direct  production  of 
paving  mixtures. 

Table  3  is  a  recapitulation  of  table  2,  distributing  all 
delays  according  to  18  general  causes,  ami  subdividing 
each  kind  of  delay  as  unavoidable,  partly  remediable  or 
avoidable.  Under  these  heads  the  delays  are  further 
classified  as  major  and  minor.  The  last  column  of 
the  table  showing  the  number  of  jobs  on  which  each 
type  of  delay  occurred  shows  that  certain  well-defined 
types  of  time  loss  were  found  on  nearly  every  project 
studied.  The  data  of  table  '■',  are  shown  graphically  in 
figure  2. 


EFFICIENCY    OI     M\\V(.I:MI:M     VARIES    GREATLTl     ON     I'llll  rent 
PROJE<   is 

The  extent  to  which  production  on  the  various 
projects  suffered  from  major  and  minor  delays  com- 
bined may  be  shown  by  computing  utilized  time  as  a 
percentage  of  available  lime.  Such  percentages  are 
given  in  the  third  column  of  table  1.  The  ellVct  of 
minor  delays  only  (utilized  time  as  a  percentage  of 
working  time)  is  shown  in  the  second  column.  Projects 
are  listed  in  the  table  in  the  ascending  order  of  these 
percentages  which  range  from  55  to  (.*7  percent.  The 
last  column  of  the  table  shows  the  over-all  efficiency 
on  each  of  the  jobs  derived  by  computing  actual  utilized 
time  as  a  percentage  of  possible  utilized  lime  (available 
ime  less  unavoidable  delays). 


32 


PUBLIC    ROADS 


Vol.  15,  No.  2 


Table  2. — Distribution  of  time  losses  on  23  -projects 


1 

2 

3 

4 

* 

6 

7 

8 

9 

10 

11 

12 

13 

75 

8 

001 

91 
8 

728 

48 
9.1 
437 

50 

10 

502 

73 

8 

584 

60 
13.5 

814 

41 

12.  S 
525 

28 
9.9 

277 

40 

8 

321 

7* 
12.3 
960 

81 
9.7 
783 

57 

8 

459 

36 

8 

288 

lelays: 

Hours 

54.2 

11.9 

5.0 

5.0 

Hours 
70.5 
5.7 
32.8 

Hours 
31.0 
2.0 

Hours 
69  0 

7.3 

Hours 
62.7 
7.0 
4.6 
3.8 
3.2 

Hours 
94.6 
16.9 

Hours 
55.0 
23.0 

Hours 
29.5 

Hours 

Hours 
168.7 

Hou  rs 
48.3 
35.5 
4.0 

Hours 
43.4 
6.3 

Hours 
27.0 

3.3 

3.0 

0.8 

6.1 

Late  start,  management 

5.9 

6.5 

2.0 
1 13.  5 

5.1 

52.6 

16.  9 

6.4 

'i:,  'J 

511.  1 

20.3 

1.5 

148.8 

128.7 
140.6 

65.2 

272.8 

2.0 

.5 

24.3 

7.5 

5.0 

2.8 
6.8 

Fuel 

25.8 

27.0 
12.6 

3.3 

5.5 
5.2 
31.6 
22.6 

12.3 

15.7 
17.5 

.6 

10.0 
4.0 

8.0 

13.0 

7.3 

14.6 

12.4 

17.7 

8.9 

2.7 

Total 

84.1 

128.5 

178.5 

259.7 

107.5 

419.0 

191.1 

74.2 

17.1 

563.4 

131.5 

lis  2 

186.0 

510.  9 
86.0 

599.5 
82.4 

258.5 
59.2 

242.3 
48.3 

476.5 
81.6 

395.0 
48.5 

333.9 
63.6 

202.8 
73.2 

303.9 
94.7 

396.6 
41.3 

651.5 
83.2 

360.8 
78.6 

102.0 

Total  working  time  as  perecntage 

35.4 

Minoi  delays: 

Percent- 
age of 
narking 
time 
8  'i 
8.5 
1.1 
.  1 
5.9 

Percent- 
age of 
working 
time 
17.0 
12.0 
.7 
.8 

Perct  nl- 
age  of 
working 
time 
4.4 
7.2 
.4 
.6 
.4 

Percent- 
age of 
working 
time 
4.6 
10.  6 
1.0 
4.4 

Percent- 
age of 
working 
time 

2.0 
4.3 
2.7 
1.6 

Percent- 
age of 
working 
time 
4.3 
8.0 
5.0 
3.0 
2.0 

Percent- 
age of 
working 
time 
17.5 
15.3 
1.6 
1.5 
4.  1 

Percent- 
age of 
working 
time 
24.7 
14.9 
1.9 
2.7 
.6 

Percent- 
age of 
working 
time 
11.5 
9.0 
1.6 
1.0 

Percent- 
age of 
working 
time 
11.6 

Percent- 
age of 
working 
time 
5.4 
6.7 
2.5 
1.1 

Percent- 
age of 
working 
time 
3.7 
12.8 
1.2 
2.8 
.5 

Percent- 
age of 
working 
time 
7.0 

10.4 

1.6 
2.5 
2.2 

2.1 

.1 

3.4 
.6 

3.3 

.5 
4.5 

.  5 

.3 

1.4 
.  7 

.1 

1.2 

2.4 

1.0 

2.2 

2.5 

.4 

.7 

2.0 

1.2 

2 

Total 

25.7 

30.5 

15.4 

21.6 

16.8 

24.8 

42.1 

45.2 

28.1 

18.6 

17.7 

22.7 

23.5 

Total  minor  delav,  hours 

133.0 
383.9 

74.3 
63.9 

183.0 
416.5 

69.5 
57.2 

39.9 

'J is  6 

84.6 
50  i 

52.3 
190.  0 

78.  1 

M7  8 

80.2 
396.3 

S3.  2 
07.8 

97.8 
297.2 

75.2 
36.5 

140.6 
193.3 

57.9 
36.8 

91.5 
111.3 

54.8 
40.1 

85.5 
218.4 

71.9 
66.8 

73.8 
322.8 

81.4 
33.7 

115.6 
535.9 

82.3 
68.4 

81.9 
278.9 

77.3 
60.8 

24.0 

78.0 

Utilized  time  as  percentage  of— 

76.5 

27.  1 

Table  3. — Recapitulation  of  delays  by  classes,  showing  time  lost  in  hours  and  as  a  percentage  of  available  time 


Class  of  delay 

All  classes 

Number 
of 

use  of  delay 

Unavoidable 

More  or  less  remediable 

Avoidable 

projects 

on 
which 

Major 

Minor 

Major 

Minor 

Major 

Minor 

delay 
occurred 

Hours 

1,307 

926 

729 

Percent 
1".3 
7.3 
5.8 

Hours 

Percent 

Hours 

Percent 

Hours 

Percent 

Hours 

Percent 

Hours 

Percent 

Hours 

1.  307 
926 
729 

657 

638 

510 

429 

198 

197 

176 

151 

146 

75 

53 

48 

46 

44 

23 

Percent 
10.3 
7.3 
5.8 

5.2 

5.0 

4.0 

3.4 

1.6 

1.5 

1.4 

1.2 

1.2 

.6 

.5 

.4 

.4 

.3 

.2 

21 

Wet  base  or  subgrade - 

10 

Cold  and  foggv  weather.  _ _ 

Hauling  equipment,  supply  and  opera- 

44 

0.3 

613 
638 

4.9 
5.0 

23 

Hins  emptv  or  overflowing 

21 

Miscellaneous .  

421 
311 
198 

3.3 
2.5 
1.6 

89 
112 

0.7 
.9 

20 

Mechanical  trouble  at  plant  ..  .  -. 

6 

0 

23 

10 

Handling  aggregate  at  plant 

107 

.8 

90 

.7 

17 

Mechanical  on  street 

176 
151 

1.4 
1.2 

14 

Lack  of  materials  at  plant.  -. 

12 

Operative  at  plant— .- 

146 

1.2 

23 

Lack  of  subgrade 

75 
7 

.6 
.1 

6 

Handling  asphalt  and  fuel - -  -- 

46 

.4 

10 

Heating  materials  at  plant 

48 

.4 

6 

Late  start—management ..-  . 

46 

.4 

8 

44 

.3 

6 

Inspecting  or  changing  mix 

23 

2 

Total  major  delay 

2,968 

23.  1 

1,305 

10.4 

279 

2.2 

4,552 

36.0 

Total  minor  delav 

23 

9 

245 

i  n 

1  533 

12.2 

l.snl 

14.3 

Total  major  and  minor  delay: 

Hours _ 

2,991 
23  6 

1,550 

19   3 

1.812 

Id    A 

6,353 

50.3 

Average 
13.5 

Percent 
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ABLE  2.- 

— Distribution  of  timi   losses  on  23  projects — -Con 

tinned 

14 

15 

16 

17 

is 

19 

20 

21 

•..., 

for  all 
projects 

available 

39 

s  5 
332 

29 

11.5 

113 
8 

•.nil 

28 
11.8 
330 

50 
8 

397 

111 

8 

912 

86 

s 

688 

102 

8 

816 

39 

8 

312 

12  5 

s 
341 

i 

Vlajor  delays: 

Hours 
92.  8 
18,  1 

4.7 

Hours 

48.  5 

.8 

7.0 
1.0 
1.5 

Hours 
71.5 
81.0 

;,u  6 

Hours 
0.5 

1     1 

Hours 

0 
.3 

Hours 
65  s 
41.3 
7.3 
12.0 
47.4 
220.  9 

Hours 

21  IS  II 
13.6 
11.8 

Hours 
47  5 
19  7 
33.  2 
9  9 

Hours 
4.0 
8  7 
5  6 
7.0 
3.3 

1  1  5 
5   I 

Hours 

1,307 

311 

176 

46 

729 
11 

4S 

121 

4,  552 

4 

6.0 

(i,  5 
41.7 

.  7 

111.  1 

27.0 

- 

6     - 
3.3 
2.3 

16.3 

.3 

113  s 
5.4 
2.3 

16.0 

3.  5 
.8 

:    I 

4.7 

1.8 

.2 
2.3 

3.7 

1    1 

Fuel 

i,  5 
7.3 
6  8 
1.5 

4.8 

3  2 

s 

1.7 

4 

is  2 
250.  5 

7.  7 
43.  1 

i 

5.3 

8  'j 

Total      . 

259.0 

152.3 

529.0 

15.1              13.4 

3;i9    1 

391.2 

285.8 

44.6 

23.4 

73.0 
22.0 

182.7 
54.5 

375.0 

41.5 

31  i  9 
95.4 

383.6 
95.6 

512.6 
50.2 

296.8 
43   l 

530.  2 
65.0 

267.4 

85.7 

93.  1 

8,0!  1 
64  n 

Total  working  timea>  percentage  of  available 

Vtinor  delays: 

I'irci  nl- 
age  of 
a  orking 

linn 
::  '.i 
5.2 

.1 
1.1 

.5 
2.  7 

J'i  in  nl- 
nge  of 

ii  in  I.I  III! 
Illllf 
'.I    'J 

li.  7 
2.7 
2.  1 
8.7 

/'/  iv  nl- 
age  of 
working 

llllll 

3.9 

18.5 

1.2 

1.6 

.8 

Peru  ul- 
age  of 
working 

linn 
16.7 

Perci  ul- 
nae of 

U  0)  Ling 

nun 

1.5 

9.1 

.9 

1.5 

/'/  Hi  ill 

,ii/i  hi 

working 

time 

l  9 

3.5 

.3 

3.1 

Pi  ret  ul- 

a,/,  nl 

working 

time 

3  I) 

1.8 

.5 

2.5 

/'/  //■/  nl- 
nge  Oj 

working 

time 

7.5 

8  s 

.  1 

2.  4 

Percent- 
age of 

u  or  Ling 
time 
1.2 
9.  1 

Percent- 

IU/I    ill 

II  III  I.I  III/ 
llllll 

II  1 

1.0 

Hours 
613 
638 

112 

140 
I'll 
14 

23 
40 
89 

4  9 

:.  ii 

1.8 

.9 

2  0 
1.9 

.  7 

1    2 

7 

1.5 
1.6 

2.4 

I   3 

.3 

2  7 

(10 

1.5 
•2 

2 

3.7 

1.6 
.5 

1.0 

5  -1 

.4 

1.3 

1.9 

Total  

17.2 

27.  7 

21    0 

16   i 

13.9 

14.8 

22.5 

16.1 

3.  1 

Perci  nl- 

a  in 
22.3 

14    3 



Total  minor  delay,  hours 

12.5 
60.5 

82.8 
18.2 

70.8 
111.9 

01.2 
33.3 

103.8 

271.2 

72.3 
30.0 

or..  2 

24s  .7 

79  ii 

75.  4 

61.8 
321.8 

S3.  '.1 

81.1 

71.0 
441.0 

86  l 

is    1 

43.8 
253  0 

85.  2 
36.  8 

119.3 
410.9 

77.  5 
50  1 

43.0 

221    1 

S3  ',i 
71.9 

9.7 

307.  !i 

96  '.i 

!l(l  3 

1.801 
19  8 

Utilized  time  as  percentage  of— 

The  over-all  efficiency  for  the  average  job  is  com- 
puted as  follows: 

Hours 

Available  time 12.  f  >4i> 

Unavoidable  delay: 

Major 3,  889 

Minor 228 

4,  117 

Possible  utilized  time 8,  529 

Avoidable  delay: 

Major 663 

Minor 1,  573 

■ 

Actual  utilized  time 6,  293 

Actual  utilized  time  as  a  percentage  of  possible  utilized 

time 71 

These  data  are  shown  graphically  in  figure  3.  The 
upper  graph  shows  the  distribution  of  available  time 
between  the  two  kinds  of  delays  and  productive  work. 
The  lower  graph  shows  the  distribution  of  working 
time  between  minor  delays  and  productive  work  and  a 
comparison  of  over-all  efficiency  at  the  various  plants. 
The  close  agreement  of  utilized  time  as  a  percentage  oi 
working  time  with  over-all  efficiency  indicates  that  the 
minor  delays  were  largely  avoidable  and  that  the  major 
delays  were  largely  unavoidable. 

These  data  are  an  index  of  the  efficiency  of  man 
ment  in  making  use  of  available  time.     However,  they 
do  not  reflect  the  mechanical  efficiency  of  the  plants 
while  in  full  production. 


Table  4. —  Utilized  time  as  a  percentage  of  available  linn   and  of 
working  time  owl  over-all  efficiency  nl  nil  plants 


Job  no. 

Utilized 

time 

percent  i  i 

.if  working 

time 

Utilized 
time 

percentage 
ofavailable 

time 

Total  work- 
ing linn' 
per- 
centage nl 
available 
time 

efficieni  s 

8 

Perct  nl 

58 

01 
69 

72 
72 
74 
75 
77 
77 
7S 
78 
711 
SI 
82 
S3 
83 
si 
84 
85 
85 
86 
97 

Pirn  nl 
III 
37 
33 
57 
07 
30 

01 
37 
27 
01 
-,o 
38 
.  5 
31 

OS 
IS 

OS 
SI 

72 

37 

is 
'.in 

Pi  ret  ul 

;,\ 

82 

115 
42 

Sli 

49 

IS 

11 

S3 
22 
S2 

81 

13 

« 

1.", 

50 

!l 

69 
71 

10 

1 

6                                                          

65 

12 

71 

1 

76 

17 

so 

10 

11 

SI 

1  1 

SI 

SI 

- 

>■/ 

86 

10 

S'.l 

7S 

'«, 

The  frequency  and  extent  of  delays  from  a  variety  of 
causes  warrants  a  detailed  discussion  of  the  manner 
in  which  they  creep  into  highway  const  met  ion  operation 
either  as  a  result  of  adopted  practices  of  management, 
or  as  a  result  of  circumstances  not  directly  controlled 
by  management.  Discussion  of  these  matters  will  be 
delayed  in  order  to  firsl  consider  other  losses  which  are 
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Figure  3. — Utilized  Time  and  Major  and  Minor  Delays  as 
Percentages  of  Available  Time  (Upper  Graph)  and  Work- 
ing„Time  Utilized  and  Over-all  Efficiency  at  all  Plants. 

equally  great   in  their  effect  on  the  potential  profits 
of  the  contractor. 

PROJECTS    RATED    ACCORDING    TO    EFFICIENCY    OF    PRODUCTION 

Efficiency  of  production  during  utilized  time  involves 
the  inherent  rates  of  production  of  the  units  making 
up  the  plant,  practices  in  operating  the  plant  and 
specification  requirements.  Table  5  shows  details 
concerning  the  mixing  cycles  on  each  of  the  23  jobs,  the 
output  of  the  plants  and  their  over-all  efficiency.  The 
mixing  cycles  shown  represent  the  actual  average  per- 
formance during  utilized  time. 

Mixing  cycles  range  from  46.8  seconds  to  87.4 
seconds  with  the  corresponding  batches  per  hour 
ranging  from  76.9  to  41.2.  The  plant  with  the  smallest 
batch  (0.309  ton)  had  a  mixing  cycle  of  58.6  seconds 
with  a  resulting  possible  output  of  19  tons  per  hour. 
A  plant  producing  batches  in  excess  of  2  tons  in  a  cycle 
of  49.2  seconds,  had  a  possible  output  of  150  tons  per 
hour  or  8  times  the  amount  of  the  smaller  plant. 


In  table  5  the  total  job  tonnage  and  the  utilized  time 
(table  2)  are  used  to  determine  the  rate  of  production 
per  utilized  hour.  Since  utilized  time  represents  opera- 
tion at  maximum  efficiency,  this  figure  also  represents 
maximum  possible  production  or  plant  capacity. 
Working  hours  and  total  tons  produced  are  used  to 
determine  the  production  per  working  hour.  The  per- 
centage of  plant  capacity  attained  is  the  same  as  the 
percentage  of  working  time  utilized.  Production  per 
available  hour  is  also  shown.  The  over-all  efficiencies, 
which  reflect  the  management's  use  of  available  time 
exclusive  of  unavoidable  delays  are  repeated  from  table 
4  for  comparative  purposes. 

The  production  of  a  plant  depends  on  both  the  inher- 
ent limitations  of  the  plant  equipment  and  on  the  effi- 
ciency with  which  it  is  operated.  An  index  of  produc- 
tion may  be  obtained  by  multiplying  the  plant  capacity 
in  tons  per  hour  by  the  over-all  efficiency.  Such  an  in- 
dex for  each  plant  is  shown  in  table  6,  which  is  arranged 
in  descending  order  of  indices.  If  the  job  with  the  high- 
est index  of  production,  no.  23,  be  accepted  as  having 
maximum  production,  or  100  percent,  we  can  then 
compute  the  percentage  of  maximum  attained  on  the 
other  projects  as  shown  in  the  table. 

The  production  of  job  no.  23,  as  controlled  by  the 
combined  plant  and  management  characteristics  was 
2^  times  that  of  the  average  and  11  times  that  of  job 
no.  10.  A  later  section  of  the  report  will  show  that  the 
unit  costs  for  labor  and  equipment  on  each  project  are 
in  substantially  the  same  order  as  the  indices  of  pro- 
duction. Job  no.  23  was  a  large  project  and  used  a  large 
plant,  and  it  should  not  be  assumed  that  every  project 
should  use  such  a  plant  or  should  attain  100  percent  on 
the  basis  used  in  table  6. 

The  data  of  table  5  are  shown  graphically  in  figure  4 
in  which  the  jobs  are  arranged  in  numerical  order.  The 
upper  diagram  shows  the  time  of  chaige,  mixing,  and 
discharge  for  each  plant.  The  middle  diagram  is  a 
comparison  of  batch  size  with  a  superimposed  compari- 
son of  the  possible  batches  per  hour  at  each  plant — the 
two  factors  which  determine  the  possible  output.  The 
lower  diagram  shows  the  rates  in  tons  per  utilized  hour, 
per  working  hour,  and  per  available  hour.  These  rates 
are  also  referred  to  as  plant  capacity,  attained  produc- 
tion, and  gross  production.  These  rates  cover  produc- 
tion on  whole  road  projects  and  therefore  represent 
average  characteristics. 

RATES  OF  PRODUCTION  ON  THREE  PROJECTS  COMPARED 

In  a  study  of  production  with  a  view  to  increasing 
efficiency  we  must  go  beyond  average  characteristics 
and  examine  the  fluctuations  in  output  from  day  to  day. 
Good  management  will  be  reflected  by  a  consistent  high 
daily  production  while  inefficient  management  which 
permits  delays  to  creep  in  will  show  fluctuations. 

Figure  5  shows  the  cumulative  rates  of  production 
during  working  time  expressed  as  a  percentage  of  the 
maximum  possible  rate  on  each  day  of  operation  on  three 
typical  projects.  The  figures  for  any  day  represent  the 
average  for  all  days  up  to  and  including  that  day.  There 
is  a  marked  difference  in  the  general  average  rates 
attained  at  the  three  plants,  which  are  affected  by  the 
size  of  the  plant,  specification  requirements  as  to  the 
mixing  cycle,  and  the  efficiency  of  management.  The 
projects  were  selected  particularly  to  show  variations 
in  the  effect  of  fortuitous  conditions. 
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Table  5. — Operating  characteristics  and  efficiency  of  plants  stu 


Operating  characteristics  o 

mixer 

Possible 

batches 
per  hour 

Average 
batch 

Possible 
produc- 
tion per 
hour 

Produc 

1  Hill    dill  - 

ing  studj 

Attained 
produc 
linn  pel 
working 
hour 

Ratio  nf 
attained 
produc- 
tion to 
plan! 
capacitj 

1'rO'lllr- 

ii. in  pel 

a\  ailable 

hour 

Job  no. 

Charge 

Mix 

Discharge 

i  ycle 

I 
efficienc 

1 

Seconds 
9.2 
11.1 
10.7 
8.1 
8.4 
18.6 
7.3 
8.2 
14.0 
12.5 
8.1 
10.4 
10.8 
5.4 
10.6 
7.0 
10.0 
12.1 
10.0 
8.2 
6.0 
10.8 
9.8 

Sccor.ds 
43.3 
45.4 
59.0 
51. 6 
39.8 
35.6 
38.5 
34.8 
40.0 
34.3 
38.9 
41.5 
61.0 
72.1 
56.6 
41.3 
42.7 
33.0 
40.3 
43.4 
40.0 
24.2 
31.3 

s,  ninJs 

10.5 
12.8 
14.6 
3.4 
9.8 
5.0 
4.0 
3.8 
8.0 
11.8 
4.2 
11.4 
9.2 
9.9 
5.6 
10.0 
8.0 
13.7 
13.2 
13.8 
12.2 
14.2 
14.5 

Seconds 
63.0 
69.  3 
84.3 
63.  1 
58.0 
59.  2 
49.8 

ie  3 

62.0 
58.  6 
51.2 
63.3 
81.0 
87.4 
72.8 
58.3 
60.7 
58.8 
63.  5 
65.4 
58.2 
49.2 
55.6 

57.1 
51.9 
42.7 
57.1 
62.  1 
60.8 
72.3 
76.9 
58.1 
61.4 
70.3 
56.9 
44.4 
41.2 
49.5 
61.7 
59.3 
61.2 
56.7 
55.0 
61.8 
73.2 
64.8 

Tons 
1.  174 
1.  333 
.  599 
.987 
1.566 
.4S7 
.923 
.  523 
1.  819 
.309 
.  495 
1.  188 
.690 
.659 
1.  124 
1.523 
.552 
2.035 
1.950 

1.  262 
1.563 
2.055 

2.  186 

1 

07.  1 
69.  2 
25  6 

50.  3 
'.17.  3 
29.  0 
i;o.  8 
40.2 
105.  7 
19.0 
34.8 
67.6 
3(1.  7 
27.1 
55  i 
!W.  1 

124.6 
110.9 

Oil    1 

96.6 
150.4 
141.7 

Tons 
25,  752 

28,831 

10,  .ii. 

38,  526 

8,  807 

12.  (lis 

1.    100 

23,  (ISO 

0.  1  1 1 

18,  05s 

IS.  S40 

2,393 

1,638 

0,  198 

25,  400 

8,  us 

40,  103 

48,950 

17,554 

33,  750 
43,  550 

1'nnx 
49,  s 

IS.  1 

21.6 

ii  2 
80  o 

22.  3 
;ts  7 
22  o 
75.  9 
15.5 
28  '. 
52.  2 

23.  5 
22.  5 
34.0 

OS   (1 

25,  0 

104.5 
95.  5 
59.  1 
74.  S 
120,  2 
137.4 

ft  a-,  at 

74.3 
69.5 
84.  1 

78.  5 

S3.  1 
75.4 
57.  9 
54.8 

71.0 

82.  2 
77.3 
70.  5 

82.  0 
61.2 
72.  3 

79.  0 

83.  o 
86.1 
85.2 
77.5 
S3.  9 
97.0 

Tons 
12.  s 

12.  S 
21.3 
60.  0 
10.8 
24  0 
10.  1 

71.9 

0.4 

23,  s 

41.0 

8.3 

4.9 

18.5 

28.  2 

24.7 

101.0 

53.7 

25.  5 

r-   6 

10S  2 

127.9 

74.  o 

2. 

3.  . 

86.3 

4. 

75.  7 

5 _ 

84  J 

6 

M    , 

7 

51.6 

8 

45.  7 

9 _ 

70.9 

10 

65.1 

11.  .             

SO.  7 

12 

70.8 

13 

75  8 

14 

15... 

55.  i) 

16... _ 

05.  5 

17  ...                  

18                           

84.  5 

19 

77.7 

20 - 

88.9 

21 

72.  0 

22 

- 

23 

00.  2 

9.9 

43.0 

9.7 

62.6 

57.5 

1.299 

74.7 

469,803 

58.4 

78.2 

37.1 

73.  9 

Table  6. — Indices  of  production  and  comparison  of  production 
based  on  assumption  that  maximum  production  was  attained  on 
job  no.  23 


Job 


23 
22 
18, 
10 
5. 
o. 
21 
20 
16 
1. 
2. 
12 


Index  of 

Percent 

produc- 

of maxi- 

tion 

mum 

136.2 

100.0 

123.8 

00.  0 

105.2 

77.3 

86.1 

63.2 

81.9 

60.1 

7.5.0 

55.1 

70.2 

51.5 

61.7 

45.3 

61.6 

45.2 

50.1 

36.8 

47.9 

35.2 

47.8 

35.1 

Job 


4. 

7. 
15 
11 
17 
13 

:;. 
1 1 

o 

s 

10 


Index  of 
produc- 
tion 


42.7 
34.5 
31.1 
28. 1 
26.1 
23.3 
22.  1 
21.9 
19.1 
IS  4 
12.4 


Percent 
of  maxi- 
mum 


31.3 

22  s 

20  o 
19.2 

17.1 
10  2 
16.  l 
14  0 
13.5 
9.1 


Table  7  shows  for  each  of  these  three  jobs  the  factors 
controlling  production  as  actually  recorded  during  work- 
ing hours  and  as  specified  or  interpreted  in  practice. 
On  some  of  the  jobs  studied  the  specifications  recpiired 
a  standard  mixing  time  and  also  limited  the  number  of 
batches  per  working  hour  at  a  rate  not  in  harmony  with 
the  mixing  time — a  double  standard  frequently  encoun- 
tered in  this  class  of  work.  On  the  projects  studied  t  he 
limitation  on  batches  per  hour  was  the  one  usually 
enforced.  Lack  of  adequate  devices  for  timing  the 
mixing  period  and  the  consequent  lack  of  control  is 
the  probable  cause  of  the  limitation  of  batches  per  hour. 
On  recent  projects,  satisfactory  timing  devices  have 
been  in  use  and  there  appears  no  need  for  additional 
limitation. 

On  job  no.  4  different  mixing  times  were  specified  for 
base  and  surface  course.  With  the  necessary  charge 
and  discharge  time  the  average  cycle  (specified)  was  56 
seconds,  which  permitted  64.3  batches  per  hour.  The 
mixer  was  designed  for  a  1-ton  batch,  which  limited 
production  to  64.3  tons  per  hour. 

On  job  no.  18  the  specification,  as  interpreted,  per- 
mitted a  mixing  time  plus  one  half  the  discharge  time 
of  45  seconds  or  alternately  a  maximum  rate  of  65 
batches  per  hour.  The  latter  requirement  governed. 
Using  a  2-ton  batch  for  which  the  mixer  was  designed 
gave  a  maximum  permissible  rate  of  130  tons  per 
hour. 
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Table  7. — Factors  controlling  production  at  8  plants  whose  produc- 
tion rates  are  shown  in  figure  5 


Project  no.  i 

Chart)c  seconds 

Mix,  second? 

Discharge,  seconds 

Cycle,  seconds 

Batches     per     working 

hour - 

Tons  per  batch ... 

Tons  per  workin-j  houi 

Working  hours 

Total  tons 

Project  no.  18 

Charge,  seconds 

Mix,  seconds 

Discharge,  seconds  .   .. 

i  !j  cle,  seconds. .    

Batches    per     working 

hour 

Tons  per  batch 

Tons  per  working  hour. 

Working  hours.. -. 

Total  tons 

Project  no     : 

Charge,  seconds 

Mix,  seconds 

Discharge,  seconds 

Cycle,  seconds 

Batches     per     working 

hour. 

Tons  per  batch 

Tons  per  working  hour. 

Working  hours 

Total  tons 


\  ctual  limital  oi 


I  !  :  i  ■  .i  • 


7.2 
33.  5 

1  (I 

41.7 
63  2 

.  944 
59  6 

92  '.' 
5,  497 


9  9 

II  ii 
13.  3 


53.  1 
2  048 

ins  8 

246  i) 
26,  776 


s  6 
33.6 
13.8 


04.3 
2.056 
132.  2 

163.  1 

21,593 


Surfac- 
ing 


60  : 
3.0 

72.3 
39.  1 


.  889 


34 


150  m 
5,208 


14.3 
16.  1 
14.1 

74.8 

48.  1 
2  009 

96  s 

137.6 
13,  327 


It  7 
33  9 

I  l  <j 

63  5 

56,  7 
2.053 

I  Id  5 

104.3 
12,  163 


Total 
or  aver- 
age 


8.  1 
51.6 

3.4 

63.1 
44.8 

.987 

44.2 


242.  2 
10,705 


12,  1 
44.4 
13.7 


51.3 

2  035 

104  5 


383.  6 

40.  103 


10.8 

33.7 
14.2 


61.3 

2.055 
126  2 


267  4 
33,  756 


Specified  or  plant 
limitation 


Base 


7.2 
30.  0 
4.0 

41.2 

87.4 

1.0 

87.  4 

62.9 
5,497 


9  9 
32,  2 
13.3 


65 

2.0 


130 


205.  9 
26,  776 


s  6 
29  0 
13.8 


70  0 

2.  1 

147.  0 

1411.9 
21,  593 


Surfac- 


8.6 
60.  0 
3.0 

71.6 
50.  3 

1.0 

50.3 

103.  5 


9.9 

31.4 
14.1 


65 
2.0 

130 

102.5 

13,327 


8.6 
36.  5 
14.9 



60.  (I 

2.1 

126.0 

96.5 
.',  163 


Total 
or  aver- 
age 


7.9 
44.6 
3.5 

56.  0 
64.3 

1.0 

64.3 


166.  4 

10,705 


9.9 

31.8 
13.7 

55.4 

65 

2.0 
130 

308  ) 
40, 103 


8.6 
31.8 
14.2 
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On  project  no.  22  the  specification  as  interpreted 
required  45  seconds  mixing  time  or  alternately  per- 
mitted 70  batches  per  hour  on  base  and  60  on  surface 
course.  With  a  2.1-ton  batch  the  maximum  permissible 
rate  (average  for  two  courses)  was  138.6  tons  per  hour. 
There  is  a  meat  difference  in  the  efficiency  with  which 
these  plants  were  operated.  On  project  no.  22  the 
cumulative  rate  of  production  rose  to  90  percent  of  the 
maximum  within  7  days  after  beginning  work,  and  the 
job  was  completed  in  39  days  with  an  average  rate  of 
91  percent.  On  project  no.  18  the  average  rate  for 
the  job  was  slightly  more  than  80  percent. 

On  project  no.  4  work  was  greatly  hampered  by  bad 
weather  and  the  cumulative  rate  of  production  did  not 
reach  70  percent  until  the  twenty-ninth  day  and  re- 
mained at  approximately  this  figure  for  the  remainder 
of  the  job.  The  plant  on  project  no.  18  could  have 
completed  this  project  in  10  days. 

A  combination  of  time  losses,  slow  operation,  and 
small  plant  reduced  the  output  at  one  plant  to  4.9  tons 
per  available  hour  (see  table  5)  even  though  operating 
at  80.6  percent  efficiency,  while  another  plant  reached 
five  times  that  production  while  operating  at  51.6  per- 
cent efficiency.  Still  another  project  produced  108.2 
tons  per  available  hour  with  an  efficiency  of  82.2 
percent. 

The  low  rates  of  production  attained  at  some  plants 
indicate  that  not  only  should  more  attention  be  given 
to  the  elimination  of  avoidable  time  losses  but  that 
consideration  should  be  given  to  the  use  of  plants  of 
larger  capacity.     Time  losses  due  to  weather  cannot  be 
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Figure  5. — Cumulative  Rates  of  Production  at  3  Plants 
During  Working  Time  Expressed  as  Percentage  of  the 
Maximum  Possible  Rate.  The  Plant  on  Project  No.  4 
Was  Small,  Poorly  Managed,  and  Weather  Conditions 
Were  Bad.  On  Project  No.  18  the  Plant  Was  Large, 
Well  Managed,  and  Weather  Conditions  Were  Good. 
On  Project  No.  22  the  Plant  Was  Large  and  Well 
Managed  but  Weather  Conditions  Were  Only  Fair. 

controlled,  but  when  such  losses  are  followed  by  produc- 
tion which  cannot  exceed  a  fixed  low  rate  the  unit  costs 
are  certain  to  be  high.  The  desirable  size  of  plant  will 
be  affected  by  fixed  daily  cost  of  the  outfit,  relative 
plant  costs,  size  of  project,  and  other  matters.  Equip- 
ment and  practice  is  not  yet  sufficiently  standardized 
to  attempt  to  lay  down  rules  for  size  of  plant  but  it  is 
quite  evident  that  many  jobs  justify  greater  plant 
capacity  with  a  consequent  greater  daily  production 
during  available  time. 

LOSSES  OF  TIME  DUE  TO  WEATHER  DISCUSSED 

Referring  to  tables  2  and  3,  it  will  be  noted  that  23.4 
percent  of  all  available  time  is  lost  because  of  the  weather 
and  that  such  delays  occurred  on  21  out  of  the  23  proj- 
ects. Delays  due  to  rain,  snow,  wret  base  or  subgrade, 
and  cold  or  foggy  weather,  are  classed  as  major  unavoid- 
able delay.  However,  there  is  the  possibility  of  mini- 
mizing their  effect  on  production  and  unit  cost  by 
adjusting  the  construction  season  in  accordance  with 
\\  cither  records. 
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Figure  6. 

of  Weather  Conditions  on  California  Projects 


States  should  and  do  cooperate  with  the  contractors 
in  the  letting  of  contracts  so  as  to  permit  construction 
of  high-type  surfacing  during  the  most  advantageous 
seasons  of  the  year.  Periods  of  greatest  freedom  from 
time  loss  due  to  weather  conditions  may  be  determined 
for  sections  of  the  country  as  shown  by  figure  6.  This 
chart  shows  the  percentage  of  available  time  lost  due 
to  weather  on  California  projects  and  for  all  months 
except  June  and  July.  The  data  were  collected  in  the 
years  1927  to  1930  and  the  observations  covered  from 
300  to  1,000  available  hours  in  each  month.  No  data 
were  collected  for  the  months  of  June  and  July.  1 1  is 
believed  that  the  chart  is  fairly  accurate  for  most  coast 
and  San  Joaquin  Valley  points.  The  months  between 
April  and  November,  inclusive,  had  relatively  favorable 
weather  for  construction.  Such  data  can  be  developed 
for  any  section  of  the  United  States  and  the  records  of 
the  United  States  Weather  Bureau  arc  particularly 
useful  for  such  purpose. 

Weather  losses  occur  almost  invariably  as  major 
delays,  and  halt  rather  than  retard  operations.  On  the 
projects  studied  only  76  percent  of  the  time  available 
could  be  used  as  working  time.  Other  losses  which 
also  detract  from  available  time  are  found  in  both  the 
major  and  minor  classifications.  Late  starts  in  the 
morning  and  at  noon  and  occasional  early  stops  are 
not  tolerated  under  competent  supervision.  A  regular 
and  consistent  working  day  should  be  the  rule.  The 
occasional  practice  of  working  extra  hours  to  make  big 
runs  one  day  only  to  suffer  a  corresponding  loss  the 
following  day  is  not  recommended.  Asphalt  paving 
construction  requires  a  high  degree  of  consistency  since 
costs  for  such  items  as  hauling  units  and  heating  of 
materials  continue  through  all  short  delays. 

The  orderly  delivery  of  purchased  materials  is  at 
times  beyond  the  control  of  management  but  frequently 
lapses  in  placing  orders  are  observed  and  a  loss  from 
this  cause  is  clearly  avoidable.  In  one  case,  laxity  in 
inspection  of  plant  requirements  led  to  failure  of  the 
fuel  supply.  In  other  cases  failures  of  belt  and  bucket 
lines  were  not  anticipated  or  failure  to  maintain  a  proper 
inventory  of  spare  parts  resulted  in  prolonging  delays. 
In  general,  such  delays  have  been  classified  as  partly 
remediable.  Their  prevalence  indicates  thai  the  plant 
management  should  definitely  place  responsibility 
among  employees  for  keeping  up  stocks  of  materials, 
supplies  and  spare  parts,  and  anticipating  breakdowns 
of  units. 

Preventable  or  partly  remediable  delays  were  re- 
corded on  more  than  half  of  the  projects  studied.  Un- 
common delays,  principally  accidental  in  character  hut 
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not  infrequently  due  to  carelessness  also  resulted  in  loss 

of  production.    The  explosion  of  a  boiler,  destruction  of 

plant  by  lire  in  two  eases  and  the  accidental  death  of  an 
employee  are  typical  examples.  These  were  classed  as 
miscellaneous  delays. 

All  these  delays,  common  and  uncommon,  fortuitous 
or  otherwise,  indicate  the  need  for  alertness,  since  they 
robbed  23  contractors  of  12.3  percent  of  their  available 
time. 

The  total  loss  of  4,553  hours  on  23  projects  because  of 
major  delays  is  a  serious  one.  However,  major  delays 
generally  result  in  cessation  of  operation,  and  are  there- 
fore usually  accompanied  by  a  partial  reduction  in  cost 
of  labor,  fuel,  etc.  With  minor  delays  such  is  not  the 
Case.  Minor  delays  appear  in  the  countless  repetitive 
operations  where  a  single  loss  of  time  is  of  negligible 
moment  but  when  regularly  repeated  they  amount  to 
a  considerable  portion  of  the  working  time.  They  occur 
under  full  operal  ing  costs  and  are  of  greater  importance 
than  idling  costs  to  the  extent  that  hourly  operating 
costs  exceed  hourly  idling  costs.  Most  minor  delays 
are  a\  oidable. 
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"BIN  DELAYS"  OUTSTANDING   AS  A  CAUSE  OF  MINOR   DELAYS 

The  outstanding  minor  delay  is  "bin  shortage" 
caused  by  inability  to  furnish  aggregate  to  multiple 
bins  in  the  proportions  required  in  the  mix.  Failure  to 
do  this  results  in  shortage  in  one  bin  or  overflow  in 
another.  Bin  shortage  accounted  for  the  loss  of  more 
than  613  hours  on  the  23  jobs  and  was  found  on  even 
project.  On  recent  jobs  under  good  management 
definite  steps  were  taken  to  reduce  this  loss  with  excel- 
lent results. 

When  aggregates  are  led  to  the  elevator  iii  proportions 
differing  from  those  required  in  the  mix  a  shortage  is 
bound  to  follow  in  one  bin  or  overflow  in  another. 
Where  the  different  sizes  of  aggregate  are  combined 
when  delivered  or  are  combined  in  stock  piles  or  bunkers 
at  the  plant  t  here  is  always  more  or  less  I  rouble  with  bin 
supply.  Complete  separation  of  each  required  size  in 
stock  piles  is  a  first  essential  to  the  necessary  control. 
With  the  necessary  sizes  readilj  available  the  problem 
can  he  completely  solved  by  proper  functioning  of  feed 
conl  rols. 

Figure  7  shows  several  different  methods  of  feeding 

regates  to  elevators.     At  one  plant   the  method  of 

handling  was  as  follow-  (method  A,  fig.  7):  Four  sizes 

of  aggregate  were  required.    The  materials  were  stored 

at  ground  level  against  a  bulkhead  with  2  partitions 
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to  provide  3  bunkers.  Sand  and  the  largest  size  of 
rock  were  combined  in  1  of  these  bunkers  according  to 
the  judgment  of  the  crane  operator  while  the  other  2 
were  filled  with  correctly  separated  sizes.  Adjustable 
vertical  gates  in  the  bulkhead  permitted  materials  to 
flow  to  a  pit  where  they  were  picked  up.by  the  "cold 
elevator."  The  gates  were  adjusted  from  time  to  time 
as  the  need  was  indicated.  Bin  conditions  were  indi- 
cated by  a  system  of  rope  "feelers"  and  visual  signals. 

The  sand  was  mixed  with  coarse  rock  to  overcome  the 
resistance  of  sand  to  flow,  The  control  of  the  two  mixed 
sizes  was  not  positive  and  the  feeding  of  the  small  stone 
through  vertical  gates  was  not  entirely  satisfactory. 

Another  plant  was  operated  on  the  same  general  plan 
except  the  sand  was  stored  in  a  separate  bunker  with  a 
sand  trap  feeding  a  belt  conveyor  which  deposited  the 
sand  in  the  elevator  pit  (method  B,  fig.  7).  Here  there 
was  also  difficulty  with  the  vertical  gates  and  a  need  for 
constant  alertness  in  regulating  the  controls. 

Improved  operation  was  observed  at  a  third  plant 
with  four  raised  bunkers  feeding  a  belt  conveyor  in 
front  of  the  stone  bunkers  and  beneath  the  sand  bunker 
(method  C,  fig.  7).  Sand  was  fed  through  a  trap  and 
stone  through  angular  sloped  feed  gates.  Rate  of  feed 
from  bunkers  could  be  observed  while  inspecting  the 
condition  of  bins — a  considerable  advantage.  Such  an 
installation  costs  more  than  those  previously  described 
but  the  cost  was  more  than  offset  by  the  saving  in 
working  time. 

A  fourth  method  gives  such  positive  control  as  prac- 
tically to  eliminate  bin  delays  (method  D,  fig.  7).  It 
consists  of  four  bunkers  placed  over  an  excavated  and 
shored  tunnel  in  which  a  belt  conveyor  is  placed.  Each 
bin  has  two  gates  in  the  bottom  which  are  used  alter- 
nately to  induce  breaking  down  of  reposed  material. 
The  open  gates  drop  the  material  to  an  automatic, 
power-driven  plate  feeder  which  can  be  set  to  deliver 
material  in  the  exact  quantity  desired.  On  the  job 
where  this  arrangement  was  used  it  practically  elimi- 
nated bin  delays  and  the  savings  thus  effected  were 
considerably  more  than  the  cost  of  the  installation.  In 
100  hours  of  operation  bin  delay  amounted  to  less  than 
one  tenth  of  1  percent. 

DELAYS  FROM   SHORTAGE   OF   HAULING   EQUIPMENT   OF 
CONSIDERABLE  IMPORTANCE 

Next  in  importance  to  bin  delay  is  the  time  loss  aris- 
ing from  a  shortage  of  hauling  equipment  or  faulty 
operation  of  hauling  units.  Some  loss  of  this  type 
occurred  on  every  project  and  such  losses  accounted  for 
657  hours  on  all  projects  or  5.2  percent  of  the  total 
available  time.  Time  losses  arising  from  hauling  are 
thought  to  be  largely  avoidable  since  they  occur  most 
extensively  on  poorly  managed  work.  Referring  to 
table  2  it  will  be  noted  that  on  4  poorly  managed  jobs, 
hauling  equipment  delay  varied  from  16  percent  to  24 
percent  of  operating  time,  whereas  on  4  well  managed 
projects,  it  was  reduced  to  less  than  2  percent  and  on 
one  of  these  jobs  to  less  than  one  tenth  of  1  percent. 

Frequently,  it  is  difficult  to  determine  whether  a  delay 
is  the  result  of  shortage  of  hauling  units  or  to  road  con- 
ditions. Timing  of  the  hauling  units  should  indicate 
the  source  of  the  trouble  and  the  remedy  to  be  applied. 

Delay  resulting  from  hauling  operations  may  have 
its  origin  in  faulty  plant  arrangement,  failure  to  provide 
sufficient  storage  of  mixed  batches,  poor  and  indifferent 


PLAN 


ISvoju 


ADJUSTABLE   SATES 


''SMALL,',         SAND   AND 


MEDIUM  ROCK.        MROCKi,'         COARSE  ROCK 

iv  tr '/ 


StGTlON 


METHOD   A 


f]       | 1 n      ^..AOJUSTABL 


E  GATES 


II  T 


CONVEYOR   BELT 
PLAN 


' 


.□    j 


BUCKET  ELEVATOR  TO  DRYER 


CONVEYOR   BELT-' 
ELEVATION 
METHOD   B 


S 


Iff 


CONVEYOR   BELT 


SAND  TRAP 

:::::□_"] 


FEEDER  6ATES 


3UCKET  ELEVATOR  TO  DRYER  PLAN 

METHOD   C 


D       □ 


□       □ 


□        □ 


□      □ 


"BUCKET  ELEVATOR  TO  DRYER 


•  I   AN 


a 


CONVEYOR    BELT 


ADJUSTABLE  PLATE  FEEDER 

MAY  BE  MOVED  TO  OTHER  GATE  ELEVATION 


METHOD    D 
Figure  7. — Methods  of  Feeding  Aggregate  to  Elevator. 


April  1934 


PUBLIC    ROADS 


39 


operators,  poor  equipment,  bad  roads,  traffic  interfer- 
ence, lack  of  correlation  between  plant  and  road  capac- 
ity, or  may  be  due  to  an  insufficient  number  of  hauling 
units. 

The  routine  operation  of  taking  on  the  load  at  the 
plant  should  be  smooth  and  systematic.  Oiling  of 
bodies  should  be  done  at  necessary  stops  on  the  plant 
loop.  Nearly  all  plants  are  equipped  for  storage  of  one 
or  more  truck  loads  of  mixed  material,  but  some  con- 
tractors delay  truck  operation  by  requiring  trucks  to 
wait  and  receive  batches  as  they  are  mixed.  Trucks 
should  pass  over  a  loop  at  the  plant  and  should  not  be 
required  to  back  in  turning  or  to  reach  the  loading 
point.  Scales  for  weighing  should  be  on  the  most  direct 
route  from  the  plant  to  the  job.  Experienced  mechan- 
ics should  be  at  hand  to  promptly  correct  mechanical 
troubles  with  the  hauling  equipment.  Roads  should 
be  regularly  maintained  and  some  conditions  may 
require  constant  maintenance.  The  value  of  increased 
travel  speed  will  more  than  pay  maintenance  costs. 

Equipment  and  personnel  on  the  street  or  road  should 
be  sufficient  to  handle  the  production  of  the  plant 
without  delaying  trucks  in  depositing  loads. 

Often,  failure  to  provide  an  adequate  supply  of 
hauling  equipment  is  due  to  inability  to  determine  needs 
rather  than  to  inability  to  obtain  an  ample  supply. 
To  assist  in  rectifying  this  condition,  contractors  are 
frequently  furnished  hauling  charts,  graphically  simpli- 
fying the  determination  of  a  proper  supply.  Figure  8 
is  a  Z-type  nomograph  designed  particularly  for  use 


on  asphaltic  concrete  work  and  based  on  the  formula 

A7  =  ^jyY  ■ — ?-~—: '     Ty    Thesj  mbols  are  defined  below. 

Instructions  for  use  arc  given  on  the  chart  and  the 
steps  in  the  progressive  solution  are  numbered  corres- 
pondingly. The  application  of  this  chart  to  a  specific 
problem  is  shown  by  guide  lines.  To  arrive  at  a  solu- 
tion for  a  particular  job  if  is  necessary  to  know  the 
length  of  haul,  L;  the  usual  average  round-trip  speed 
of  units  on  the  road,  S;  the  time  constant  which  is  the 
total  time  consumed  in  performing  necessary  opera- 
tions other  than  travel,  T;  the  capacity  of  the  hauling 
unit,  W;  and  the  plant  capacity,  0.  The  number  of 
trucks  required  for  any  length  of  haul  up  to  17  miles 
may  be  determined  with  this  chart. 

The  shorter  the  haul  the  larger  is  the  relative  impor- 
tance of  the  time  constant.  Large  hauling  units  have 
a  greater  time  constant  but  the  frequency  of  occurrence 
is  less.  Figure  8  may  also  be  used  to  determine  the 
economical  size  of  hauling  unit.  The  number  of  trucks 
required  may  be  determined  for  alternative  sizes,  using 
the  operating  constants  for  each  size  of  truck.  Know- 
ing the  number  of  trucks  required  the  total  cost  may 
be  determined  from  the  cost  of  ownership  or  rental  of 
each  size.  On  the  projects  studied,  loads  carried  varied 
from  1.17  tons  to  6.57  tons  and  the  lowest  unit  cost 
was  produced  by  the  largest  trucks. 

Hauling  cost  is  sufficiently  important  to  justify 
analysis  before  the  job  is  begun.  Careful  advance 
planning  is  very  likely  to  result  in  substantial  savings. 
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INSTRUCTIONS  FOR  USE  OF  CHART 

I  -  PLACE  STRAI6HT  EDGE  ON  PROPER 
VALUES  ON  SCALES  L  AND  S  TO 
OBTAIN    POINT     a    ON  BASE    LINE  A. 

Z-  PLACE  STRAIGHT  EOGE  ON  POINT  a 
AND  PROPER  VALUE  ON  'CALL  T  TO 
OBTAIN    POINT   b  ON  BASE  LINE  B 

3-  PLACE  STRAIGHT  EDGE  ON  POil.  I  b 
AND  PROPER  VALUE  ON  SCALE  W 
TO  OBTAIN   POINT   C  ON   BASE  LINE    C. 

It-   PLACE   STRAIGHT    EOGE 

AMD   PROPER  VALUE   OF  0    ' 

VALUE    ON    SCALE    N    EQUAL   TO   THE 

NUMBER  OF  HAULING  UNi' 


HAULING  CHART 

FOR 

ASPHALTIC  CONCRETE 

AND 

BITUMINOUS  PAVING 

10560  L 


Figure  8.- 
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plant  production  in  tons  per  hour     q 
-Diagram  for  Determining  Number  of  Hauling  Units. 
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The  possible  economy  of  an  extra  plant  set-up  for  the 
purpose  of  reducing  average  haul  distance  should  be 
investigated.  It  should  be  borne  in  mind  that  total 
hauling  cost  is  the  summation  of  daily  costs  while  haul- 
ing at  varying  distances  and  that  calculations  based  on 
the  average  haul  distance  are  misleading.  Occasionally 
it  has  been  found  uneconomical  to  furnish  the  hauling 
equipment  necessary  to  maintain  full  plant  production 
on  extremely  long  hauls.  However,  it  is  believed  that 
a  careful  comparison  of  the  cost  of  an  additional  plant 
set-up  with  the  additional  hauling  costs  and  losses  in 
plant  production  will  often  indicate  the  desirability  of 
moving  the  plant  in  such  cases. 

MANY  MINOR  DELAYS  CAN  BE  EITHER  MINIMIZED  OR  PREVENTED 

Delays  at  the  plant  include  those  classed  as  "me- 
chanical" or  failure  of  machinery  to  function  properly; 
"operative"  or  failure  of  labor  to  function  properly; 


A  Typical  Dryer  Arrangement. 

'handling  aggregate"  (exclusive  of  bin  delays);  inter- 
ruption of  operation  to  inspect  or  change  the  mix;  and 
a  variety  of  miscellaneous  short  delays  of  infrequent 
occurrence.  Such  minor  delays  accounted  for  a  total 
of  4.34  percent  of  all  working  time,  a  matter  of  550 
hours. 

Many  mechanical  failures  could  not  reasonably  have 
been  anticipated.  However,  careful,  periodic  inspec- 
tions will  accomplish  a  definite  reduction  in  the 
frequency  of  breakdowns.  The  maintenance  of  care- 
fully inventoried  stocks  of  repair  parts  such  as  chain 
links,  belt  laces,  pipe  line  connections,  cables,  dipper  or 
clamshell  teeth  and  gear  sprockets  has  proven  to  be 
low-premium  insurance 

Operative  delays  occur  as  the  result  of  failure  of  a 
particular  machine  to  keep  up  with  the  pace  which  can 
be  set  on  the  rest  of  the  job  and  may  be  due  to  inade- 
quacy if  the  machine  itself  or  to  the  manner  in  which 
it  is  operated.  A  study  of  time  records  is  convincing 
that  the  majority  of  such  delays  are.  the  result  of  habits 
of  operators  which  can  be  corrected.  It  is  as  easy  for 
operators  to  form  the  habit  of  consistently  maintaining 
output  at  the  capacity  of  the  machine  as  it  is  to  fall 
into  careless  operation  which  is  perhaps  affected  by 
another  equally  careless  operator  at  another  machine. 
.Such  operation  is  most  often  due  to  lack  of  thought 
rather  than  indifference.  The  high  cost  of  operative 
delays  makes  it  desirable  to  place  skillful  operators  in 
key  positions  at  wages  commensurate  with  the  responsi- 
bility of  the  position. 

Delays  incident  to  handling  materials  may  occur  at 
any  point  along  the  line  of  progress  through  the  plant. 
Adequate  crane  capacity  is  essential  and  must  he 
accompanied  by  good  operation  or  output  will  suffer. 
A  poor  machine  with  a  good  operator  or  a  good  operator 


and  machine  with  a  poor  arrangement  of  facilities  for 
unloading,  stock  piling  and  feeding  to  the  dryer,  may 
fix  the  limit  of  production  considerably  below  that 
attainable  in  other  parts  of  the  plant.  Reference  is 
again  made  to  figure  f  which  shows  a  typical,  orderly 
arrangement  with  the  crane  runway  between  spur  track 
and  stock  piles  and  within  easy  reach  of  all  sizes  of 
aggregate.  With  proper  arrangement  of  facilities,  the 
ordinary  %-yard  crane  is  suitable  for  production  up  to 
1,200  tons  in  an  8-hour  day  of  plant  operation. 

MANY   DRYERS   FOUND   TO   PRODUCE   UNSATISFACTORY   RESULTS 

Delays  at  the  dryer  may  result  from  the  use  of  a 
dryer  of  inadequate  capacity,  or  from  the  use  of  exces- 
sively moist  material.  Dryer  capacity  depends  on  a 
number  of  variables  and  calculations  of  capacity  are 
based  on  an  empirical  formula.  Table  8  shows  the 
dimensions  and  characteristics  of  dryers  at  11  of  the 
plants  studied. 

Examination  of  the  data  shows  that  the  capacity  of  a 
dryer  is,  to  a  considerable  extent,  dependent  upon  the 
degree  of  agitation  of  the  material.  Agitation  is 
affected  by  the  details  of  the  dryer  design  and  par- 
ticularly by  the  baffling  which  controls  the  height  of  fall. 
Table  9  demonstrates  this  relationship. 

Table  8. — Characteristics  of  typical  dryers 


Jol>  no. 

Lengl  li 

Diam- 
eter 

Pitch 

Revo- 
lutions 
per 
min- 
ute 

Empirical   capacity    in 
tons  per  hour  under 
various  conditions 

Poor 

Aver- 
age 

Good 

1 

Fed 
24.0 
20.5 
18.0 
24.0 
24.0 
22.0 
22.  0 
23.0 
20.5 
22.0 
22.0 

Indies 
66 
60 
60 
72 
54 
72 
72 
60 
60 
72 
72 

Inches 
per  fool 

0.88 
.75 

1.00 
.76 

1.00 
.75 
.85 

1.00 

1.25 
.75 
.75 

9.7 
10.3 

6.6 
5.3 
9.5 
s.o 
7.0 
7.7 
7.0 
8.0 
8.0 

70 
60 
60 
70 
65 
97 
83 
70 
60 
97 
97 

90 
70 
75 
90 
85 
124 
108 
90 
70 
124 
124 

110 

2 -.- 

90 

5 - 

95 

9 

110 

16  .                   

100 

18 

150 

19 

135 

20     .               

110 

21 

90 

22 

150 

23— 

150 

SI   II 
24.0 

66 

72 

.89 
.75 

7.9 
8.0 

75 
90 

95 
120 

117 

Typical 

150 

Table  9. — Relation  between  height  of  fall  of  material  in  the  dryer 
and  output  at  4  typical  plants 


Time  re- 

Height of 

C  ipaiitj 
per  hour 

>.l;iterial 

quired  to 

fall  of 

in  dryer  at 

produce  a 

material 

any  instant 

ton  of  ma- 

terial 

Feet 

Tons 

Tons 

Si  conds 

3.48 

150 

5.21 

24.0 

2.  82 

118 

6.  72 

30.5 

2.11 

89 

2.  42 

40.8 

1.25 

69 

1.17 

52.2 

Efficiency  of  dryer  operation  is  to  be  judged  not  only 
by  rate  of  output  but  also  by  the  temperature  of  the 
materials  as  they  leave  the  plant.  Variations  in  the 
temperature  of  mixed  materials  affect  every  operation 
in  laying  the  surface  and  frequently  result  in  lack  of 
smoothness  and  density.  Samples  of  compacted  pave- 
ment of  the  same  mix  have  shown  a  percentage  of  voids 
ranging  from  7  to  more  than  16.  The  excessive  void 
content  was  attributed  to  low  temperature  during 
compaction.  Figure  9  shows  the  average  and  extreme 
temperatures  of  batches  leaving  the  plant  on  five  jobs. 
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Figure  9. 


-Average  and  Extreme  Temperatures  of  Loads 
Leaving  Plant  on  Five  Projects. 
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TEMPERATURE  -  DEGREES  FAHRENHEIT 
BASE  AND  LEVELING  COURSE  SURFACE  COURSE 

Figure  10. — Daily  Average  Temperatures  of  Loads  Leav- 
ing Plant  Compared  on  a  Percentage  Basis.  Based  on 
Observations  on  7  Projects.  Mixtures  for  Base  and 
Leveling  Course  Observed  172  Days  and  Mixtures 
for  Surface  Course  Observed  152  Days. 

Figure  10  shows  percentage  of  batches  of  different  tem- 
peratures as  combined  for  seven  projects.  Temperature 
observations  were  made  on  both  base  and  surface  mixes 
at  7  plants  on  324  days  and  in  only  55.8  percent  of  the 
cases  were  the  temperatures  within  the  specified  limits. 
Extreme  ranges  of  temperature  exceeded  100°.  Failure 
to  meet  the  specification  for  temperature  on  base  and 
leveling  course  was  most  often  due  to  low  temperature 
but  in  the  case  of  surface  course  it  was  most  often  due 
to  excessive  temperature. 

Hot  materials  are  transported  from  the  dryer  to  the 
screens  by  a  bucket  elevator.  It  is  important  that  both 
the  elevator  and  screens  be  housed  and  insulated  to 
prevent  a  waste  of  heat  and  unsatisfactory  results  in 
laying  the  surface. 

SCREENS  AND  BINS  SHOULD  BE  OF  ADEQUATE  CAPACITY 

In  designing  a  plant  for  a  given  capacity  it  is  readily 
possible  to  determine  the  amount  of  material  to  be 
handled  by  each  size  of  screen.  However,  the  output 
of  a  screen  depends  on  a  number  of  variables  and 
designs  are  based  on  empiric  formulas.  The  observa- 
tions which  have  been  made  indicate  that  a  margin  of 
production  should  be  provided  to  care  for  uncertain- 
ties of  operation.  Troubles  arising  from  inadequate 
capacity  cannot  be  overcome  by  overloading  sci 
increasing  the  speed  of  revolving  screens  beyond  a  cer- 
tain limit,  or  using  an  excessive  pitch.  Such  measures 
invariably  result  in  inaccurate  screening  and  should  be 
prohibited  by  inspectors. 

At  several  plants  material  coming  from  the  dryer 
was  dumped  first  on  a  fixed,  sloping  screen  (scalping 


A  Modern  Plant  with  Housed  Elevator  for  Hot  Mate- 
rials. A  Large  Truck  Is  Loading  From  the  Storage 
Box. 

screen)  with  openings  which  passed  all  acceptable  sizes 
and  which  was  arranged  to  by-pass  all  oversize  material 
and  thus  avoid  burdening  the  other  screens.  At  some 
plants  the  material  coming  from  the  dryer  or  scalping 
screen  was  divided  equally  between  two  rotary  screens 
of  identical  characteristics.  Single  screens  varied  from 
18  to  24  feet  in  length  where  1  sizes  of  aggregate  were 
required.  The  speed  of  screens  varied  from  6.3  to  10.3 
revolutions  per  minute  and  averaged  approximately  8 
revolutions  per  minute.  Diameters  ranged  from  .">  to  6 
feet  and.  the  pitch  from  ;:,  to  1  '.,'  inches  per  foot. 

In  general,  a  -ingle  screen  24  feet   in  length,  6  feel 
in   diameter,   with    a   pitch   of   :;i   inch    to   the   foot,   and 
revolved  8  times  per  minute  should  produce  1,200  tons 
3-hour  day. 

Screened  material  falls  directly  in  storage  bin-  and 
these  should  he  large  enough  to  offsef  irregularities  in 
supply  and  demand.  The  bins  should  he  equipped 
with  openings  for  discharging  material,  should  the  sup- 
ply of  a  given  size  become  excessive,  and  also  for  the 
removal  of  cold  aggregate.  The  required  bin  capacity 
is  closebj  linked  with  the  accuracy  with  which  the  sizes 
of  aggregate  are  fed  to  the  cold-aggregate  elevatoj 
Mistakes  in  proportioning  material  in  stockpiles  soon 
Income  evident  a-  trouble  with  bin  supply. 
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FEW  DELAYS  RESULT  FROM  BATCHER  OPERATION 

In  all  cases  the  operation  of  withdrawing  materials 
from  bins  in  the  proper  amount  for  a  batch,  as  deter- 
mined by  weight,  was  accomplished  well  witnin  the 
time  required  for  mixing  the  previous  batch.  On  some 
jobs  the  clogging  of  filler  dust  in  chutes  leading  from 
the  bin  occasioned  delay.  Well-designed  plants  now 
have  screw  conveyors  for  supplying  filler  if  it  is  used 

STUDY   OF   PUG  MILL   OPERATION  INDICATES   NEED   FOR 
IMPROVEMENTS 

Discharge  of  material  from  the  weighing  box  to  the 
pug  mill  was  done  in  a  single  operation  at  nearly  all 
plants.  In  a  few  cases  this  practice  coupled  with  large 
batches  and  a  poorly  designed  pug  mill  resulted  in  the 
segregation  of  aggregate  in  the  mix.  As  a  corrective 
measure  it  was  required  in  such  cases  that  half  a  batch 
be  weighed  and  dumped  at  a  time.  This  requirement 
added  considerably  to  the  charging  time  and  mixing 
cycle.  The  average  charging  rate  on  all  projects  was 
263  pounds  of  material  per  second  and  the  half-batch 
charging  method  lowered  this  rate  to  127  pounds  per 
second.  On  jobs  using  a  large  batch  with  a  single 
charge  the  rate  was  520  pounds  per  second.  Such  a 
charging  rate  allows  ample  tune  for  the  accurate 
weighing  of  sizes  during  almost  a  complete  mixing 
cycle.  A  single  charge  is  desirable  to  permit  a  short 
period  of  premixing  of  the  entire  dry  batch  before  the 
asphalt  is  added. 

The  mixer  is  the  key  unit  in  the  plant  set-up.  Figure 
11  is  a  sketch  of  a  typical  twin-shaft  pug  mill  mixer. 
The  two  shafts  shown  are  of  heavy  steel  and  each 
mounts  four  groups  of  paddles  set  at  90°  intervals. 
The  faces  of  the  paddles  are  set  at  45°  to  the  plane  of 
rotation.  The  two  shafts  rotate  at  equal  speeds  so  as 
to  force  the  material  inward.  The  paddles,  when  in  a 
horizontal  position,  mesh  as  shown  in  the  drawing. 

Some  of  the  faults  of  mixers  observed  in  the  study 
are  as  follows: 

1.  Dimension  A  (fig.  11)  too  large  with  respect  to 
dimension  C  resulting  in  poor  end-to-end  distribution 
of  material  and  confining  mixing  action  primarily  to 
planes  of  rotation. 

2.  Facing  of  paddles  arranged  in  a  haphazard  man- 
ner so  as  to  set  up  uninterrupted  paths  of  flow  rather 
than  intercepting  paths  of  flow  to  cause  intermingling. 

3.  Dimensions  D  and  E  too  small  to  permit  rotation 
of  paddles  at  speeds  which  have  been  found  desirable 
for  good  mixing  without  forcing  material  over  the  sides 
of  the  box. 

4.  Dimensions  G  and  H  of  the  discharge  opening  so 
small  and  the  discharge  rate  so  low  that  the  paddles  are 
adjusted  to  aid  in  discharge  rather  than  set  as  a  result  of 
consideration  of  mixing  requirements  only. 

5.  Speed  of  revolution  too  low  to  impart  the  neces- 
sary violence  to  the  mixing  action. 

6.  Net  volume  of  pug  mill  reduced  too  much  by  the 
volume  of  shafts,  arms,  and  paddles. 

A  satisfactory  mixer  is  one  which  distributes  each 
size  of  aggregate  and  the  asphalt  uniformly  throughout 
the  mix.  A  better  distribution  of  asphalt  might  be 
accomplished  by  changes  in  the  method  of  introducing 
the  asphalt  in  the  mix.  Studies  indicate  that  where  the 
asphalt  is  introduced  at  a  single  point  it  should  be  ad- 
mitted gradually.  The  greater  the  dispersion  of  the 
flow  the  greater  the  speed  of  flow  which  can  be  per- 
mitted and  still  obtain  uniform  coating  of  aggregate. 


Figure  11. — Typical  Twin-Shaft  Pugmill  Mixer. 

Chutes  with  diverging  channels  have  been  used  to 
spread  the  asphalt  over  a  large  area  of  aggregate.  It  is 
believed  that  improved  results  might  be  obtained  by 
forcing  the  asphalt  through  pipes  leading  to  a  number 
of  points  in  the  mixing  box.  A  piston  could  be  arranged 
to  supply  the  pressure  with  the  piston  adjusted  so  as 
to  measure  the  correct  amount  of  asphalt  for  a  batch. 

In  general,  the  time  required  for  asphalt  distribution 
is  greater  than  that  required  for  aggregate  distribution. 
It  seems  possible  that  practical  methods  of  accelerating 
asphalt  distribution  can  be  developed  and  this  should 
permit  a  reduced  mixing  cycle  and  increased  produc- 
tion. 

Wide  variations  in  mixing  time  were  found  on  prac- 
tically all  of  the  projects  studied.  Figure  12  shows  the 
results  of  the  timing  of  over  280,000  mixing  cycles. 
The  observations  have  been  grouped  at  5-second  inter- 
vals and  the  number  of  observations  in  each  group 
plotted  as  a  percentage  of  the  total  number  of  observa- 
tions in  the  group.  On  a  typical  project  in  an  Eastern 
State  more  than  70  percent  of  the  batches  were  mixed 
either  more  or  less  thanthe  specified  time  of  45  seconds. 
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The  typical  western  project  shows  a  somewhat  closer 
adherence  to  the  45-second  mixing  time. 

The  wide  variation  in  the  mixing  time  found  on 
practically  all  projects  indicates  the  need  for  a  timing 
device  to  control  the  mixing  period.  There  is  also  need 
for  research  to  determine  the  efficiency  of  differenl 
arrangements  of  mixers  and  the  mixing  time  required 
under  any  set  of  conditions. 

It  has  been  definitely  demonstrated  that  marked 
improvements  in  efficiency  of  mixing  arc  possible. 
Representatives  of  the  Bureau  of  Public  Roads  co- 
operated with  an  asphalt  plant  manufacturer  and  a  con- 
tractor to  develop  a  pug  mill  of  improved  design.  The 
ordinary/design  was  altered  by  decreasing  the  length  of 
mill  and  increasing  the  width  and  depth.  The  net 
volume  was  increased  by  reducing  the  size  of  paddle 
and  shaft  connections.  These  changes  permitted  a 
higher  speed  of  paddle  rotation.  This  machine  made 
possible  the  lowest  mixing  cycle  yet  observed  and  a 
record  breaking  production  with  full  adherence  to 
specifications.  A  consistent  charging  time  of  4  seconds 
was  obtained  ("split"  charging  not  necessarj  i  as  com- 
pared with  an  average  of  9.9  seconds  on  other  work. 


A  large  discharge  opening  was  used  through  which  a 
batch  could  be  discharged  in  3  or  4  seconds  as  compared 
with  an  average  discharge  lime  of  13  seconds.  No 
change  was  made  in  actual  mixing  time.  The  mixing 
cycle  was  51  seconds  as  compared  with  an  average  of 
61  second-. 

A  box  for  storage  of  mixed  batches,  commonly 
called  the  "gob  box"  is  essential  to  allow  lor  temporary 
differences  in  mixer  production  and  hauling  rate.  It 
the  size  of  batch  is  less  than  a  truck  load  a  storage  box 
is  the  only  means  of  avoiding  a  wait  on  every  truck 
trip.  In  such  cases  delay  is  wholly  unwarranted  when 
so  simple  and  inexpensive  a  remedy  exists. 

FINISHING  OPERATIONS  ON  SURFACE  COURSE  OFTEN  LAG  BEHIND 
PLANT  PRODI  (HON 

When  mixed  materia]  is  delivered  on  the  road  or 
street  it  ma\  he  bandied  by  one  of  several  methods. 
The  spreading  may  he  entirelj  by  hand  or  almost  en- 
tirely by  machine  method-.  Spreader  hoxes  for 
attachment  to  trucks  have  been  devised  which  are  very 
satisfactory  in  spreading  full-width  base  and  surface 
course  and  also  the  narrow  strips,  on  widened  section-. 
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Initial  Spreading  with 
Spreader  Boxes. 


Final    Spreading    with 
Finishing  Machine. 


Compaction  with  Different 
Types  of  Rollers. 


Steps  in  Spreading    vxd  Roli 
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For  upper  courses  the  use  of  half-width  spreader  boxes 
of  either  the  sled  or  roller  type  followed  by  a  full  width 
mechanical  spreader  is  particularly  recommended. 

Mechanical  finishers  have  been  used  with  results  that 
arc  very  satisfactory  both  in  quantity  of  paving  laid 
and  in  smoothness  of  the  surface.  Such  machines  have 
enabled  the  handling  of  a  larger  plant  production  than 
could  well  be  handled  by  hand  methods.  Finishing 
machines  have  been  used  on  standard  widths  up  to  30 
feet  and  have  been  adapted  to  narrow  strips  9  and  ID 
feet  wide. 

It  occasionally  happens  that  production  is  limited  by 
finishing  operations  rather  than  plant  mixing,  and  in 
such  cases  the  finisher  is  the  key  unit.  For  example, 
on  three  projects  with  large  capacity  plants,  a  thin 
surface  course  required  only  1,399  tons  per  mile  or 
0.265  ton  per  lineal  foot  of  road.  The  plant  could 
supply  material  for  surface  course  at  a  rate  requiring  a 
finishing  speed  of  9.46  feet  per  minute.  This  speed  of 
finishing  could  not  be  consistently  maintained  and  few- 
machines  have  been  observed  capable  of  such  a  rate. 
In  laying  the  thicker  base  course  requiring  1,809  tons 
per  mile  a  speed  of  7.32  feet  per  minute  was  required. 
The  machines  on  this  job  and  most  of  those  timed  on 
other  jobs  were  capable  of  this  speed.  It  would  have 
been  possible  to  adjust  the  quantities  of  material  for 
the  two  courses  so  as  to  maintain  full  plant  production 
with  a  consistent  gross  speed  of  finishing  of  8.25  feet  per 
minute.  In  determining  the  relative  thickness  of 
courses  the  relation  between  probable  plant  production 
and  finishing  speed  should  be  considered  as  a  factor 
affecting  cost. 

Finishing  speeds  as  high  as  12.9  feet  per  minute 
during  periods  of  efficient  operation  were  observed,  but 
in  only  one  instance  was  the  finisher  capable  of  main- 
taining an  average  speed  which  matched  the  maximum 
production  of  a  large-capacity  plant  while  laying  thin 
surfaces.  Reductions  in  average  speed  result  from 
insufficient  traction  and  time  losses.  Tractive  losses 
vary  with  the  number  of  drive  wheels,  type  and  con- 
dition of  forms  or  form  rails  and  height  of  material  for 
some  distance  ahead  of  the  screed.  Time  losses  result 
from  derailments  caused  by  spreading  forms  and  narrow 
wheel  flanges;  faulty  spreading  of  material  ahead  of 
the  screed  requiring  backing  to  fill  holes  and  delays  in 
performing  initial  spreading. 

Tractive  losses  normally  reduce  the  speed  by  8  or  9 
percent,  but  losses  of  30  percent  have  been  observed 
under  extreme  conditions.  Table  10  shows  finishing 
machine  speeds  observed  on  several  projects. 

Very  satisfactory  finishing  machines  have  been  built 
using  a  special  power  unit,  special  gears,  and  with  four- 
wheel  drive.  Such  machines  have  kept  pace  with  a 
plant  production  of  187  tons  per  hour  where  there  was 
a  favorable  relation  between  thickness  of  base  and  to]) 
course.  No  great  difficulty  should  be  encountered  in 
spreading  and  finishing  operations  with  a  properly 
designed  cross  section  and  mix  and  properly  mixed 
batches 

STUDY  INDICATES   NEED  FOR    MORE   EXACT   DETERMINATION    OF 
ROLLING  REQUIREMENTS 

The  purposes  of  rolling  are  to  reduce  the  voids  in  the 
pavement  and  thereby  increase  the  density  and  stability 
and  also  to  produce  surface  smoothness  necessary  for 
riding  comfort.  In  the  western  States  the  initial  com- 
paction is  generally  done  by  longitudinal  rolling  with 
three-wheel  (macadam  type)  rollers  weighing  from   in 
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General  View  of  a  Modern  Well-Designed  Pi  •  ■.  i   Set-Up. 
Table  10. — Speed  of  finishing  machines  on  several  proje> 


Fol   no 

\  \  .'i  age 
speed  (lur- 
ing working 
time 

\ verage 
speed  with 
delays  and 

tracti\  e 

losses  elim- 
inated 

Reduction   in   a  . 
speed   due  to    li 
and  tractive  losses 

Base 

Surface 

12 

/•'<  i  /  pi  r 

mi  nut, 

8.  70 

Jii 

3. 1)4 

8.00 

7.25 

7.22 

5.00 

10.32 

Feet  in  r 
minute 

10  in 
7.  95 
6  70 
9.  00 

9   TO 
11.50 

1 1  80 

Perct  ni 
16  3 

Percent 

12 

54  7 

13. 

16 . 

11.1 
25.  3 

18 

19 

57  6 

20  n 

21... 

22  I 

Average  - 

6.84 

9.99 

17.6 

40.8 

1  4-wheel  drive. 


to  14  tons  and  of  the  gas-engine  type.  This  is  followed 
by  longitudinal,  transverse,  and  diagonal  rolling  with 
tandem  rollers  weighing  from  6  to  8  tons.  Details  of 
typical  rollers  are  shown  in  table  11. 

As  a  basis  of  comparison  of  amount  of  rolling  on  base 
and  surface  courses  on  different  projects  a  "rolling  lac- 
tor"  has  been  derived.  This  is  the  product  of  wheel 
widths  and  distance  traversed  on  a  given  section  of 
pavement  divided  by  the  area  of  the  section.  Roughly, 
this  factor  represents  the  number  of  times  each  unit  of 
area  is  traversed  by  a  roller  wheel.  Table  12  -how  s  the 
successive  steps  in  rolling  on  two  projects. 

On  job  A  both  the  base  and  the  surface  course  were 
given  nearly  twice  the  amount  of  rolling  as  on  job  13. 
Assuming  a  plant  production  which  would  require  4 
rollers  with  the  rolling  factor  of  job  B,  substitution  of 
the  rolling  factor  of  job  A  would  make  3  additional 
rollers  necessary.  These  and  other  observations  lead 
to  the  conclusion  that  either  some  surfaces  are  insuffi- 
ciently compacted  or  t  here  is  a  w  aste  doing  more  rolling 
than  is  necessary  on  other  surfaces.  There  is  need  for  a 
more  exact  determination  of  rolling  requirements. 

Table  11.  -  I  > ■■   ions  and  weig 
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Table   12. — Comparison 

of  amou 

nt  of  rolling  on  two  -projects 

Job 

Course 

Roller  type 

Weight 

Operation 

Rolling 
factor 

A 

Base 

Total 

3-wheel .   

Tandem 

Tons 
11.1 

8.5 

5.2 

Final  

5.8 

11.0 

Surface 

Total 

3-wheel 

Co 

Tandem 

3-wheel 

Tandem 

12.1 
11.  1 

8.5 
11.  1 

8.6 

12.4 

3.5 

(i.O 

3.1 

3.8 

28.8 

Ba  e 

Total 

3-wheel 

Tandem 

12.  0 
9.2 

Initia. 

Final 

B - 

3.76 
2.80 

6.56 

Surface 

Total 

3-wheel 

Tandem 

Do 

12.0 
9.0 
'J.  2 

7.33 

4.12 

Diagonal  and  transverse. . 

4.28 

15.73 

ROLLING  DONE  AFTER  PAVEMENT  HAS  COOLED  THOUGHT  TO  BE 
INEFFECTIVE 

Time  studies  reveal  that  the  average  roller  operates 
but  70  percent  of  working  time  with  nonproductive 
delays  as  follows: 

Percent 

Waiting  for  material <> 

Operator  idle 6 

Take  on  fuel 11 

Mechanical 6 

Miscellaneous 1 

Total 30 

Wide  ranges  in  roller  speed  were  observed.  Speeds 
of  1.2  to  1.4  miles  per  hour  or  110  to  125  feet  per  minute 
appear  to  be  satisfactory  and  do  not  result  in  excessive 
shoving.  In  general,  higher  speeds  are  used  on  the 
base  than  on  the  surface  course.  Typical  rates  observed 
were  2,833  scpiare  yards  per  hour  on  surface  and  3,080 
on  base.  The  number  of  rollers  required  on  a  project 
misiht  be  estimated  as  follows: 


Plant  production— lineal  feet  of  road  per  hour 

Surface.  laid  per  hour  (20-foot  width),  square  yards 

Number  of  times  rolled 

Area  to  be  rolled  per  hour,  square  yards 

Square  yards  per  hour  per  roller  exclusive  of  time  losses. 

Percentage  of  working  time  utilized 

Square  yards  per  hour  per  roller  allowing  for  time  losses 
Number  of  rollers  required 


Base 

Surface 

439 

567 

975 

1,260 

4.39 

11.13 

4,280 

14,030 

3,  080 

2,  833 

51.7 

88.3 

1,590 

2,  500 

3 

6 

Here  again  the  difference  in  thickness  of  base  and 
surface  course  leads  to  an  increase  in  the  equipment 
required  to  keep  pace  with  maximum  production.  In 
this  case  the  thicknesses  might  have  been  adjusted  so 
that  4  rollers  would  have  been  adequate  for  the  project 
instead  of  6. 

Observations  of  volume  reduction  resulting  from  roll- 
ing were  made  on  selected  sections  of  project  A  (table 
12).  Measurements  of  thickness  before  and  after 
rolling  are  based  on  level  readings  taken  at  1-foot 
intervals  on  transverse  pavement  sections.  On  given 
days  observations  were  confined  to  a  particular  course 
and  measurements  taken  on  15  or  20  transverse  sections. 
The  results  are  shown  in  table  13.  Each  figure  in  the 
table  is  the  average  of  observations  at  over  200  points. 

These  data  show  that  the  reduction  of  volume  of  the 
surface  course  was  somewhat  less  than  that  of  the  base 
course,  although  the  top  course  received  twice  as  much 


rolling  as  the  base.  The  variation  from  the  average 
was  much  greater  for  the  surface  course  than  for  the 
base.  The  base  and  leveling  courses  were  of  identical 
mix  and  the  average  reductions  in  volume  are  identical. 
The  surface  was  composed  of  a  quite  different  mix  and 
showed  different  characteristics  under  rolling.  Varia- 
tions in  the  temperature  of  the  material  as  delivered 
possibly  affected  the  results. 

Table  13. — Reduction  in  thickness  of  base  and  surface  courses  due 

to  rolling 


Course 


Base: 

First  day... 
Second  day 
Third  day.. 

Average.. 

Leveling: 

First  day__ 
Second  day 
Third  day- 
Average. . 

Surface: 

First  day.  - 
Second  day 
Third  day- 
Fourth  day 

Average.. 


Loose 
thickness 


Inches 
3.77 
4.  96 
3.63 


4.12 


2.55 
2.42 
2.68 


2.44 
2.36 
1.78 
2.09 


32 


Compacted 
thickness 


Inches 
2.77 
3.81 
2.62 


3.07 


1.75 
1.85 
2.  02 


1.87 


2.01 
1.70 
1.26 
2.  12 


1.77 


Reduction 
in  volume 


Percent 
26.5 
23.2 
27.8 


25.6 


28.6 
23.6 
24.6 


25.6 


17.6 
28.0 
29.0 
21.2 


23. 


These  facts  suggested  the  existence  of  inherent 
qualities  in  the  mix  affecting  the  uniformity  of  volume 
reduction  and  led  to  a  series  of  investigations  of  the 
effect  of  rolling.  Batches  of  various  proportions  were 
prepared,  spread  on  the  road  surface,  and  subjected  to 
various  amounts  of  rolling  with  rollers  of  different 
weights.  The  general  indication  resulting  from  these 
tests  is  that  the  voids  in  the  mixture  are  reduced  to  a 
minimum  value  early  in  the  rolling  process.  On  jobs 
using  a  light  roller  on  sheet  asphalt  the  point  at  which 
there  appeared  to  be  no  further  void  reduction  or  in- 
crease in  stability  was  reached  after  8  to  12  rollings, 
depending  upon  the  composition  of  the  mix. 

In  the  rolling  tests  of  asphaltic  concrete  mixtures, 
determinations  of  the  density  of  samples  cut  from  the 
rolled  pavement  were  made  and  compared  with  the 
theoretical  maximum  density  (no  voids)  as  computed 
from  the  quantities  and  specific  gravities  of  the  con- 
stituent materials.  These  data  were  determined  from 
analysis  of  samples. 

The  results  of  the  tests  indicate  that  in  general 
the  weight  of  the  roller  and  the  number  of  rollings  above 
an  essential  minimum  has  less  effect  on  the  density 
attained  than  does  the  gradation  of  the  aggregate. 

It  is  believed  that  rolling  to  produce  compaction 
should  be  done  entirely  in  a  longitudinal  direction  and 
that  rolling  to  produce  surface  smoothness  should 
follow  immediately  in  transverse  and  longitudinal 
directions.  The  entire  rolling  should  be  completed 
before  a  considerable  drop  in  temperature  has  taken 
place  and  curved  or  diagonal  rolling  should  be  avoided 
because  of  the  detrimental  effect  on  smoothness.  The 
data  shown  in  the  table  14  are  typical  of  the  rate  at 
which  cooling  may  take  place.  The  heaviest  rollers 
were  used  in  the  first  stages  of  rolling  and  those  of  lighter 
weight  were  used  in  the  finishing  operations  which  took 
place  about  3  hours  after  spreading  and  with  the  mix- 
ture approaching  normal  temperature.  There  is  con- 
siderable reason  for  believing  that  the  last  stages  of 
rolling  produced  practically  no  effect  on  the  pavement. 
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The  spreading  :m<l  rolling  operations  are  conducted 
so  as  to  produce  smoothness  and  riding  comfort.  The 
test  for  smoothness  is  usually  made  with  a  LO-fool 
straightedge.  However,  with  cars  traveling'  40  miles 
per  hour  or  59  feet  per  second  a  surface  which  meets  the 
requirement  as  to  smoothness  within  10  feet  may  have 
variations  over  greater  distances  which  will  produce 
riding  discomfort.  The  regularity  of  the  sin! ace  left, 
by  the  finishing  machine  is  entirely  dependent  on  the 
vertical  alinement  of  the  side  forms  and  the  firmness 
of  their  support.  It  is  therefore  important  that  the 
forms  be  set  conforming  to  the  proper  vertical  aline- 
ment and  be  supported  so  as  not  to  deflect  under  the 
weight  of  the  finishing  machine. 

Table  14. — Elapsed  time  in  rolling  operations  mid  corresponding 
drop  in  temperature  of  pavement 


Operation 

Tempera 
From — 

ture  drop 

l 

Elapsed 

time 

Spreading ...     

0  F. 
290 
273 
.'  15 
216 
174 
170 
161 
158 
129 

°  F. 
275 
245 
216 
174 
170 
1(11 
158 
129 
128 

Minutes 

Finishing 

n 

First  rolling .   

15 

Second  rolling _.  

41 

Third  rolling 

43 

Fourth  rolling .  .  .  

Fifth  rolling 

63 

Sixth  lulling 

143 

Seventh  rolling.. _ 

COSTS    OF   LABOR,    EQUIPMENT.    AND    MATERIALS    DERIVED 

The  preceding  discussion  has  dealt  with  relative 
amounts  of  output  under  various  conditions.  It 
remains  to  discuss  the  actual  unit  costs  under  these 
conditions  and  to  determine  the  actual  savings  which 
may  be  effected  by  practices  which  have  been  advocated. 

These  costs  will  be  developed  under  the  three  main 
heads  of  supervision  and  labor,  equipment,  and  mate- 
rials. These  items  are  common  to  all  projects  and  a 
few  miscellaneous  items  not  common  to  the  general  run 
of  projects  have  been  omitted  from  consideration. 

The  supervision  and  labor  costs  are  segregated  in 
table  15.  The  main  headings  of  the  table  cover  the 
following  items: 

1.  "Supervision  and  general"  includes  cost  of  super- 
intendents, foremen,  and  labor  in  connection  with 
supply  trucks  and  other  automotive  equipment  with 
the  exception  of  trucks  hauling  mixed  material. 

2.  "Handling  mateiial   at  plant"   includes  cost  of 
labor  in   connection    with   the   siding,   crane,    stoi 
facilities,  dryer,  and  boiler. 

3.  "Mixing  and  loading"  includes  cost  of  labor  in 
connection  with  weighing,  mixing,  elevators,  filler 
storage,  and  storage  of  mixed  batches. 

4.  "Hauling''  includes  cost  of  labor  in  connection 
with  hauling  mixed  batches. 

5.  "Placing  and  finishing"  includes  cost  of  labor  in 
connection  with  those  operations  following  delivery  of 
mixed  material  on  the  road  or  street. 

Under  each  of  these  items  there  are  shown  the  number 
of  men  ordinarily  employed,  the  number  of  man-hours 
for  the  job,  the  average,  wage  per  hour,  and  the  average 
cost  of  labor  per  ton  of  mixed  material. 

The  hours  of  labor  and  payments  to  labor  include 
those  arising  during  working  time  and  also  those 
resulting  from  the  maintenance  of  a  skeleton  organiza- 
tion on  full  day  periods  when  the  plant  is  not  operating. 

Table  16  is  an  analysis  of  equipment  costs  under  the 
same  general  heads  as  used  for  labor  in  table  15.     The 


qualification  of  these  heads  ;is  applied  to  labor  apply 
also  to  the  equipment  costs.  The  costs  include  such 
items  as  fuel,  materials  (other  than  lor  mix:,  slot: 
interest,  insurance,  taxes,  repairs  and  depreciation. 
The  item  of  depreciation  includes  that  taking  place 
during  actual  time  of  operation  and  also  the  deprecia- 
tion occurring  during  periods  when  not  in  operation. 
An  estimate  was  made  for  each  unit  of  equipment 
according  to  a  n  ethod  which  was  applied  uniformly 
on  all  projects. 

The  cost  of  materials  at  the  various  plants  as  shown 
in  table  17  is  not  the  true  cost  hut  a  fictitious  value 
based  on  the  assumption  (hat  each  plant  paid  $1.20 
per  ton  for  crushed  rock,  $1  per  ton  lor  sand,  $16  per 
ton  for  asphaltic  cement  and  $6  per  ton  for  Idler,  all 
delivered  on  the  job.  This  procedure  was  adopted  mi 
that  the  costs  would  reflect  the  effect  of  variations  in 
specifications  and  construction  practices.  The  above 
prices  arc  approximately  the  averages  of  the  prices 
prevailing  on  the  projects  studied.  Combined  aggre- 
gates were  delivered  on  many  projects  and  in  such 
cases  the  proportions  to  be  classed  as  coarse  aggregate 
and  sand  were  determined  and  the  assumed  costs  wen 
applied  to  these  proportions.  The  average  cost  of 
materials  per  ton  of  mix  is  $2.27  of  which  33.1  percent 
is  for  crushed  rock,  16.2  percent  for  sand,  41.5  percent 
for  asphalt,  and  9.2  percent  for  filler. 

The  costs  of  labor,  equipment,  and  materials  involved 
in  a  ton  of  mixed  material  on  each  project  are  shown  in 
table  18  which  also  shows  these  items  on  a  percentage 
basis.  The  cost  per  ton  of  paving  mixtures  ranges  from 
$2.71  to  $6.10.  The  unweighted  average  cost  for  all 
projects  is  $3.80  per  ton  and  the  weighted  average  is 
$3.25  per  ton,  reflecting  the  lower  costs  obtained  on  the 
larger  projects.  Figure  13  shows  graphically  the  a  verage 
costs  of  each  item  involved  in  placing  a  ton  of  mixed 
material  in  the  road  surface  and  also  the  average  cost 
per  ton  of  material  for  base  and  surface  course. 

AVOIDABLE  DELAYS  LAR(JE  IN  COST 

The  costs  of  labor  and  equipment  are  almost  equal 
and  together  they  produce  approximately  40  percent  of 
the  total  cost.  Elimination  of  time  losses  effects  a 
direct  saving  in  labor  costs  and  also  tends  to  reduce 
equipment  costs  but  does  not  necessarily  reduce  the 
amount  of  equipment  required.  It  should  not  he 
assumed  that  greater  efficiency  will  adversely  affect  the 
employment  of  labor.  There  will  he  a  decrease  in  the 
hours  of  labor  per  mile  of  road  but  the  decreased  en-t- 
will permit  the  construction  of  a  greater  total  mileage 
and  cause  an  increase  in  the  production  and  transporta- 
tions of  materials  and  machinery. 

Table  1!>  shows  the  amount  and  cost  of  avoidable 
delay  for  all  projects  combined  by  causes  and  includes 
both  major  and  minor  delays.  Table  20  shows  the 
amount  and  cost  of  such  delays  OD  each  project.  This 
dissipation  of  potential  profit  on  all  projects  amounts 
to  nearly  8  percent  of  the  cost  of  the  projects.  On  one 
project  delays  arising  from  a  shortage  of  hauling  equip- 
ment resulted  in  losses  equal  to  the  cost  "I  two  5-ton 
trucks.  In  another  case  bin  delays  caused  a  loss  of 
$6,000  when  half  of  this  amount  would  have  provided 
facilities  which  would  have  completely  eliminated  this 
delay.  Losses  from  insufficient  dryer  capacity  have 
been  found  large  enough  to  supply  a  batterj  of  dryers. 
A  contractor  purchased  a  new  asphalt  pump  to  replace 
one  causing  delay  and  within  a  week  the  savings  had 
offset  thecost  of  the  pump.  These  are  typical  examples 
of  conditions  found  on  many  projects. 
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Table 

15.— 

Supervision  and  labor  rcq 

u  ire  mods  and  costs 

according  to 

type  of  operation  on  each 

of  23  projects 

Supervision 

and  general 

Handling  materials  at  plant 

Mixing  and  loading 

Project  no. 

Aver- 
age 
num- 
ber of 

men 

Total 
man- 
hours 

Total 
cost  of 
labor 

Aver- 
age 

wage 
per 

hour 

Man- 
hours 
per  ton 
of  mix 

Labor 

cost  per 

ton  of 

mix 

■:iuv 
num- 
ber of 
men 

Total 
man- 
hours 

Total 
cost  of 
labor 

Aver- 
age 

wage 
per 

hour 

Man- 
hours 
per  ton 
of  mix 

Labor 

cost  per 

ton  of 

mix 

Aver- 
age 
num- 
ber of 
men 

Total 
man- 
hours 

Total 
cost  of 
labor 

A  ver- 
age 

wage 
per 

hour 

Man- 
hours 
per  ton 
of  mix 

Labor 

cost  per 

ton  of 

mix 

l          

7 
9 
8 
ii 
5 
9 
6 
2 
9 

5 
10 
9 
6 
5 
4 
6 
11 
11 
6 
7 
14 
14 

1,123 

fi,  0411 
2,  962 
2.  752 
2,920 
5.231 
2,  768 
554 

2,  8  18 
4.  237 
3,915 
4,  198 
1,848 
1,733 
1,  523 

3,  087 
1,965 

4,  32S 
s,  (137 

3,  346 

4.  568 
3,967 
4,624 

$3.  302 
t.  695 
1,687 
1,479 
2,774 
2,  603 
1,355 
512 
2.  490 
2,307 

2,  506 

3,  147 
1,  3X2 
1,462 

827 
3,  192 
1,443 
5,013 
6,  188 
3,  470 
4,048 
4,728 
5,255 

$0.82 
.78 
.  57 
.54 
.95 
.49 
.49 
.92 
.88 
.54 
.64 
.75 
.75 
.84 
.  54 

1.03 
.73 

1.16 
.77 

1.04 
.  89 

1.19 

1.14 

0.  10 
.  2! 
.  53 
.20 
.lis 
.  59 
.21 
.12 
.  12 
.69 
.21 
.22 
.77 

1.06 
.  25 
.12 
.24 
.11 
.16 
.19 
.  11 
.  12 
.  11 

$0.  13 
.  16 
.30 
.  11 
.07 
.29 
.  10 
.  11 
.11 
37 
.13 
.17 
.58 
.89 
.  13 
.  13 
.  IS 
.12 
.12 
.20 
.10 
.  14 
.12 

6 

9 

<; 

13 
9 
5 
7 
5 

(1 
8 
8 
12 
8 
6 
!l 

(I 
5 
16 
8 
8 

2,450 

5,019 

1,554 

2.641 

3,846 

1,351 

1 ,  S22 

965 

1,700 

,  788 

5,868 

2,528 

816 

876 

1,  222 
2,250 

2.  537 
1,448 
4,007 
1,485 
8,  ISO 
1,974 
2,118 

$1,517 
2,702 
51 S 
625 
2,487 
290 
43(1 
406 

(120 

487 

2,380 

1,  495 

369 

350 

351 

1,  358 

1,315 

1,190 

2,260 

1,007 

4,488 

1.596 

1,754 

$0.  62 

.51 
.33 
.24 
.  HI 
.21 
.24 
.42 
.  52 
.  27 
.41 
.59 
.  45 
.40 
.30 
.  60 
.  52 
.82 
.56 
.68 
.55 
.81 
.83 

0.  1(1 

.17 
.28 
25 
.10 
.  16 
.14 
.22 

.OS 

.29 
.32 
.13 
.34 
.  53 
.211 
.09 
.31 
.04 
.08 
.09 
.21 

01, 

.05 

$0.06 
.09 

.09 

.or, 

.07 
.03 
.03 
.09 
.04 
.08 
.13 
.08 
.  15 
.22 

.  00 

.05 
.  10 
.03 
.05 

.  oo 
.  n 

.05 

.04 

5 
6 

5 

4 
5 
(i 
3 
0 
0 
5 
4 
5 
5 
4 
4 
5 
5 
5 
5 
5 
0 
6 

2.  5S5 
3,600 
1,295 

1,  091 
1,904 
1,975 

2.  00 1 
ono 

1,824 

2.  382 

3.200 

1,444 

510 

305 

732 

1,500 

1,575 

1,920 

2.  565 

1,  485 

2,  650 
1,603 
1,  902 

$1,716 

2,124 

544 

4X1 

1,214 

790 

635 

264 

1,295 

715 

1,402 

1,079 

292 

209 

229 

1,031 

914 

1,  580 

1,770 

1.007 

1,834 

1,250 

1,483 

so  or 
.5(1 
,42 
,  20 
.(it 
.40 
.32 
.43 
.71 
.30 
.43 
.  75 
.57 
.  57 
.31 
.  0(1 
.  ..x 
.83 
.69 
.68 
.69 
.78 
.78 

0.  10 
.12 
.23 
.  1.', 
.05 
.22 
.16 
.14 
.08 
.39 
.18 
.08 
.21 
.22 
.  12 
.06 
.19 
.04 
.05 
.08 
.07 
.05 
.04 

$0.07 

.  ox 

.10 

1            ... . 

.04 

.03 

f>                _ 

.09 



.05 



.06 

'.i             .  .. 

.06 

in        

.  12 

ii            

.07 

12           .   

.06 

13 

.  12 

14   - 

13 

15                   

.04 

'6          - 

.  01 

17             

.11 

IS             .   

.04 

19                _ 

.04 

20                

.06 

21            .   

.05 

•>•"> 

.04 

23                -- 

.03 

Total  or  average- . 

8 

81,  564 

65,  925 

.81 

.17 

.  It 

8 

58.  51 1 

30,  310 

.52 

.12 

.07 

5 

41.383 

23.  867 

.58 

.09 

.05 

Hai 

ding 

Placing  and  finish 

ing 

To 

als 

Project  no. 

Aver- 
age 
num- 
bei  ol 
men 

Total 
man- 
hours 

Total 
cost  of 
labor 

Aver- 
age 

wage 
per 

hour 

Man- 
hours 
per  Ion 
of  mix 

Labor 

cost  per 

ton  of 

mix 

\  \  er 

age 
num- 
ber of 

men 

Total 

man- 
hours 

Total 
cost  of 
labor 

Aver- 
age 

wage 
per 

hour 

Man- 
houi  - 
per  ton 
of  mix 

Labor 

cost  per 

ton  of 

mix- 

A  ver- 
age 
num- 
ber of 

men 

Total 
man- 
hours 

Total 

CO   l   "1 

labor 

\  \  ei 
age 

wage 
per 

hour 

Man- 
hours 
per  ton 
of  mix 

Lahor 

cost  per 

ton  of 

mix 

1 

10 
f> 

13 
7 
9 
5 
6 
4 

11 
7 
9 
6 

11 
6 

11 

11 
8 

11 
6 

8 
8 

5,170 
3,600 
3,367 
1,694 
4,284 

1 ,  975 
2,004 

812 
3,344 

2,  779 
5,  868 
2, 166 

1,  122 
438 

2.013 
1,875 

3,  165 
3,  072 
5,643 
1.7S2 
3,710 

2.  136 
2.  53G 

$3,  877 

2,700 

1,347 

508 

3,213 

593 

601 

406 

2,508 

834 

2,  934 

1,625 

696 

219 

604 

1,  650 

2.  079 
2,  703 
4,  232 
1,330 
2,  7X3 
1,709 
2,029 

$0.  75 
.75 
.40 
.30 
.75 
.30 
.30 
.50 
.75 
.30 
.  50 
.75 
.62 
.50 
.30 
.88 
.60 
.88 
.75 
.75 
.75 
.so 
.80 

0.  20 
.13 
.  60 
.16 
.11 
.23 
.  Pi 
.  IS 
.  11 
.45 
.31 
.12 
.47 
.27 
.  32 
.07 
.  43 
.08 
.12 
.  10 
.  09 
.(Hi 

.or 

$0. 15 
.  0(1 
.24 
.  05 

OS 

.07 
.05 

.00 
.  11 
.  14 
.  16 
.08 
.  29 
.  13 
.  10 

06 
.  26 
.07 
.0!) 

(17 
.07 
.05 

o;, 

21 
13 

17 
52 
15 
17 
26 
12 
17 
17 
13 
is 
Id 
15 
15 
14 
14 
22 
19 
13 
1.". 
1(1 
Id 

(i,  250 
7,143 
t,  103 
lo,  S92 
6,921 
6,715 

1,987 
6,749 
x.  171, 

5,  956 

1 .  938 
1,095 

2,  745 
5,026 
4,410 

s.  us 
(1.  137 
3,861 

7,  (lad 

1,052 
1,764 

$5,  198 

4,777 

.  684 

.;.  ,;i 

1,956 

2.  172 

2.  673 

1.320 

3,569 

2,303 

t.  134 

3,974 

981 

661 

xsx 

3, 083 

2,630 

ii,  sir, 

5,  ("IT 

2,  382 

5,  750 
2,942 

3,  in 

$0.59 
.1.7 
.38 
.32 
.72 
.32 
.31 
.54 
.72 
.31 
.52 
.67 
.51 
.51 
.32 
.61 
.60 
.81 
.65 
.62 
.72 
.73 
.72 

0.36 
.25 
.79 

1.02 
.  lx 
.76 
.  66 
.55 
.22 

1.10 
,45 
.32 
.81 
.67 
.44 
.20 
.  54 
.21 
.19 
.22 
.  20 
.12 
.11 

SO.  21 
.17 
.30 
.3.3 
.13 
.25 
.21 
.30 
.15 
.37 
.24 
.21 
.41 
.34 
.  14 
.  12 
.32 
.  17 
.  12 
.  13 
.  15 
.08 
ox 

49 
43 
49 
x;, 
42 
41 
51 
26 
50 
40 
41 
40 
52 
44 
43 
33 
45 
51 
55 
35 
50 
55 
55 

23, 578 
25, 402 

13,  581 
19,  673 
19,  875 
17,  247 
17,  120 

5,376 

14,  75(1 
1  7.  037, 
27,  3X7 
16,292 

6,234 
4,507 
8,  235 
13,  738 
13,  952 
19,216 
29,  389 
11,959 
27,  058 
13.732 
15,944 

$15,970 
16,998 
5,780 
6,630 
14,  644 
6,448 
5,703 
2,908 
10,  782 
6,646 
13,  662 
11,320 
3.720 
2,801 
2,899 
10,314 
8,381 
17,  297 
20,  357 
9,202 
18,903 

12,  225 

13,  962 

$0.68 
.07 
.43 
.34 
.74 
.37 
.33 
.54 
.73 
.37 
.50 

.  ,0 

.60 
.02 
.35 
.75 
.  00 
.  (10 
.69 
.77 
.70 
.89 
.88 

0.92 
.88 
2.43 
1.84 
.52 
1.96 
1.33 
1.21 
.64 
2.92 
1.47 
.87 
2.60 
2.75 
1.33 
.54 
1.71 
.48 
.60 
.68 
.68 
.41 
.37 

$0.62 

59 

3        

1.03 

4    

.62 

5          ..    .   

.38 

fi                .   

.73 

.44 

s                   .   .   

.  05 

.47 

10                       

1.08 

11 

.73 

12      

.60 

13      

1.55 

14                

1.71 

15              

.47 

16                       . 

.40 

17                               .- 

1.03 

18 

.43 

1  '.I    

.42 

20                               -   

.  52 

21 

.  48 

22 

16 

23 

.32 

Total  or  average... 

8 

01,855 

41,186 

.63 

.14 

.09 

18 

135,876 

70.201 

.56 

.29 

.  10 

47 

382,  189 

237,  552 

.62 

.81 

.51 

PRODUCTIVE  ABILITY  OF  PLANT  CONSPICUOUS  IN  AFFECTING  COSTS 

Figure  14  shows  graphically  the  effect  of  length  of 
mixing  cycle,  size  of  batch,  efficiency,  and  productive 
ability  of  plant  on  the  hours  of  labor  per  ton  of  mixed 
material  (left  column  of  tig.  14)  and  also  the  effect  of 
these  factors  on  the  cost  of  labor  and  materials  per  ton 
of  mixed  material  (right  column  of  fig.  14).  In  these 
graphs  each  plotted  point  represents  the  data  obtained 
on  a  single  project  and  a  line  has  been  drawn  to  repre- 
sent the  trend  as  nearly  as  it  can  be  estimated.  The 
effect  of  length  of  cycle  and  efficiency  on  the  amount  of 
labor  and  cost  of  labor  and  equipment  is  not  clearly 
marked  since  other  factors  affect  the  position  of  the 
plotted  points.  "Tons  per  batch"  show  a  much 
clearer  relationship  and  the  effect  of  productive  ability 
on  hours  of  labor  and  cost  stands  out  significantly. 

The  graph  on  the  lower  right  of  figure  14  shows  the 
effect  of  productive  ability  on  cost  of  labor  and  equip- 
ment combined.  The  same  data  with  labor  and  equip- 
ment compared  separately  are  shown  in  figure  15. 


CONSIDERATION  SHOULD   BE   GIVEN  TO   COSTS  OF  MATERIALS  IN 
DESIGNING  MIXES 

Up  to  this  point  the  discussion  has  dealt  mainly  with 
costs  of  labor  and  equipment  which  constituted  40.3 
percent  of  the  total  cost.  Elimination  of  all  avoidable 
delays  would  have  reduced  the  cost  of  labor  and  equip- 
ment by  21.7  percent,  making  them  34.5  percent  of  the 
total  cost.  Such  efficiency  is  within  the  reach  of  the 
average  contractor  who  will  then  have  65.5  percent 
of  the  total  cost  involved  in  materials.  Under  highly 
efficient  management  they  may  be  much  higher  since 
on  the  most  efficient  project  studied  labor  and  equip- 
ment costs  were  46  percent  below  the  average.  It  is 
c\  ident  that  a  discussion  of  economy  in  construction  of 
mixed  bituminous  pavements  must  take  into  considera- 
tion the  relative  quantities  and  costs  of  the  materials. 

Use  of  local  materials  sometimes  offers  the  oppor- 
tunity to  make  savings  in  their  cost  and  in  their  trans- 
portation. There  has  been  some  tendency  toward 
adopting  this  practice  where  conditions  are  favorable. 
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Table  16 

Equipment  costs  on  each  of  S3 

Supervision  and 
general 

Handling  matei  ial 
al  planl 

Mixing  and 
loading 

II:. I 

ling 

Placing  and 
finishing 

I  otal  i 

Project  numbei 

Total 

Cosl  per 

ton  of 

Total 

i  losl  per 
ton  of 

ton  of 

Total 

i  !osl  per 
ton  of 

'1  otal 

ton  of 

Total 

Cosl  pel 
ton  of 

mix 

mix 

mix 

mix 

mix 

mix 

2 

$1,570 

1,600 

218 

20 
2,445 
756 
14.5 
200 
384 

.57 
1 
535 
292 
1.57 

24 
530 

14 

270 

.'.  732 

360 

$0.  Oli 
.0.5 
.04 
.III) 
.06 
.09 
.in 
.04 
.()-' 

.01 
.03 
.03 

.  12 
.  10 
.00 
.02 
.00 
.01 

.06 

$2,  175 

2,  Mill 

1,236 

1,  126 

2,  229 
159 
601 
523 
642 

1.  165 

359 

1,726 

173 

312 

728 

2,036 

583 

1,816 

3,084 

1,996 

3,906 

1,450 

1,698 

$0.  ID 
.  10 

.  13 
.06 
.02 

05 
.  12 
.03 
.  19 
.  02 
.09 
.  '.'(I 
.  19 
.  12 
.08 
.07 
.05 
.  06 
.  12 
.  HI 
.04 

HI 

$4,  120 
6,000 
1.  197 
3,  B29 
5,  202 

$0. 17 
.21 

!36 

11 

9,370 
2,234 
4,266 
10,436 
3,  652 

2,  1 16 
1.0S7 
1,958 
'_>,  92 1 
5,  777 
4,031 
1,868 

666 
.',  992 

7.  11.5 

3,  775 
5,  782 

11,202 
5,478 

8,  274 
l.  13J 
5,  240 

-ii  20 
.33 
.40 
.40 
.27 
.11 
.  17 
.24 
.21 
.17 
.31 
.21 
.77 
.41 

18 
.28 

17 
.  11 
.23 
.31 
.21 
.13 
.  12 

$2,  330 
3,661 
1,260 
1,282 
3,605 
997 
1,545 
356 
1,791 
2,  233 
1,638 

2,  4.5i  i 
831 
632 
845 

5,  184 
1 .  38 1 
4,971 
4,93.5 

3,  192 
.5.071 
3,  mi 
3,501 

■II     II.! 

.  12 

22 
!l2 
.09 
.  11 
.  12 

08 
.1)8 
.36 
.  09 
.  13 

35 
.39 
.  11 
.21 
.  17 
.  12 
.  10 
.  18 
.  11 

09 
.08 

23,49] 

ii.  145 
10,823 
23.017 
7,807 
7.731 
1,397 

11,  11.5 
8, 986 

11,761 

12,  105 
4,649 
2,932 
5,  783 

7,050 

18,612 

32,  798 

25,350 
14,  707 
17,349 

- 

3 

4 

1.15 

1.  HI 

5  .                                                

6 

2,  !43               .26 

.  89 

3,  297 

1,231 
3,  370 
2,610 
3,  392 
3,  3,57 
l,  185 
1,  165 
1,  194 
.5.  960 
1,294 
5,  773 
10,845 
4,367 
7,  092 
4,669 
5,471 

.28 

.11 
13 

.  is 
.  is 
50 
.711 
.  19 
.  23 
.  16 
.  11 
.  22 

.  is 
.11 
.  13 

8 

.  76 

9 

.  18 

10 

11 

12 

13 

M 

15- 

16 

17 

IS 



1.46 

1. 94 
1.79 

.'.'ii 

.87 
.  46 

• 

gg 

21 

.01 
1,017  ,             .03 
1,439              .03 

.ill 

2° 

23     

Weighted  average 

.03 

.1)1 

.07 

HI 

19 



.31 

.12 

.  1.5 

.65 

Unweighted  average .- 

.  25 

Table  17. — Quantities  of  materials  used  and  cost  computed  on  basis 
of  an  assumed  uniform  cosl  for  each  item  on  all  projects 


Project 
no. 

Rock 

Sand 

Asphaltic 
cement 

Filler 

All  ma- 
terials 

I  otal 
cost 

Total 

cost  per 

ton  of 

mix 

1 

Tons 

16,987 

18, 394 

1,936 

1,377 

25,  673 
1,166 
1,658 

553 

15,  527 

737 

3,693 

12,221 

828 

567 

932 

16, 632 

3,  14.5 

26,  985 
31,705 
11,152 
26,  804 
22,  679 
29, 145 

Tons 
6,779 
8,467 
2,818 
7,798 
9,  070 
6,  501 
9,399 
3,138 
5,918 
4,534 

13,914 
5,058 
1,204 
824 
4,497 
6,945 
3,734 

HI,  111 

13,454 
4,878 
9,913 
8,  .574 

11,243 

Tons 
1,343 
1,280 

17D 

957 
1,810 

772 
1,206 

438 

1,  063 
548 

1,051 
920 
201 
137 
521 

1,159 
.573 

2,016 

2,  11 1 
843 

1,969 
1,592 
2, 138 

Tons 
643 
690 

375 
.573 

1,973 
368 
055 
331 
.578 
325 
0 
641 
160 
110 
248 
790 
696 
991 

1,350 
681 
999 
911 

1,030 

Tons 
25,  752 
28,831 
5,599 
10.70.5 

38,  .520 
8,807 

12,918 
4,460 

23,  086 
6,  144 

18,658 

18,  840 

1,638 
6,198 
25,  496 
8,148 
40, 103 
48, 950 
17,  754 

39,  685 
33,  756 
43,  556 

$.52,510 
55,  160 
14,911 
28,201 
80,  676 
22,  460 
34,615 
12,795 
45, 027 
16,137 
35,  162 
MS,  289 
6,374 
4,  356 
1.5,  139 
50,  008 
20,  852 
80,695 
98,656 
35,  834 
79,  57ii 
66,  726 

$2.  04 

2 

1.91 

3 

2.  66 

4 

2.  63 

2.  09 

6 

2.55 

2.68 

8 

2.87 

9. 

1.96 

10     

'.'.  63 

11    

1.88 

12 

2.  03 

13 

2  66 

14 

2.  66 

15 

2.49 

16 

1  96 

17.. 

.'.  56 

18 

2.  01 

19 

2. 02 

20 

2.04 

21 

2.  00 

22.. 

l  98 

23 

1.99 

On  two  recent  projects  in  the  Western  States  four  sizes 
of  aggregate  were  produced  from  local  deposits  with 
excellent  results.  In  each  case  a  semiportable  aggre- 
gate plant  of  considerable  size  was  installed  and  the 
output  was  sufficient  to  care  for  the  maximum  pro- 
duction of  the  mixing  plant. 

The  specification  requirements  as  to  composition  of 
the  mix  produce  considerable  variation  in  the  costs  of 
material  per  ton  of  mix.  Table  21  shows  the  compo- 
sition of  the  mix  on  five  typical  projects  in  different 
sections  of  the  country  and  the  corresponding  costs  of 
materials.  For  purposes  of  comparison  the  no.  Hi 
sieve  is  taken  as  the  dividing  line  between  sand  and 
rock.  All  percentages  are  computed  on  the  assumption 
that  the  dry  weight  of  aggregate  and  filler  constitute 
100  percent  and  the  amount  of  asphalt  is  expressed  as  a 
percentage  of  this  weight. 


Table  18. — Cost  per  ton  of  mix  for  labor,  equipment,  and  materials 
■   assumed  basis)  on  each  of  23  projects 


i  'list  per  ton  of  mix 

Percent  of  tot: 

Project  no. 

Super- 
vision 
and 

labor 

Equip- 
ment 

Mate 
rials 

Total 

Super- 
vision 
and 

labor 

Equip- 
ment 

Mate- 
rials 

1 

$0.  02 
.59 

1.03 
.62 
IS 
.73 
.44 
.  65 
.47 

1.08 
.73 
.60 

1.55 

1.71 
.47 
.40 

1.03 
.43 
.42 
.  52 
.47 
.36 
.32 

$0.62 
.81 
1.1.5 
1.01 
.62 
.89 
.  CO 
.70 
.48 
1.40 

.64 
1.94 
1.79 
.93 
.82 
.87 
.  46 
.67 
.88 
.64 
.43 
.40 

$2.04 
I'M 
2. 66 
2.  63 
2  09 
2.  55 
2.  68 
2.87 
1.96 
2.63 
1.88 
2.03 
2.66 
2.  66 
2.  49 

2.01 
2.  02 

2  nl 
2.00 
1.98 
1.99 

$3.28 
3.31 
1    M 
4.  26 
3.09 
4.  17 
3.72 
4.28 
2.91 
5.17 
3.24 
3.  27 
6.15 
6. 16 
3.89 
3.18 
4.46 
2.90 
3.11 
3   11 
3.11 
2.77 
2.71 

Percent 
18.9 
17.8 
21.3 
14.6 
12.3 
17.  5 
11.8 
15.2 
16.1 
20.9 
22.5 

25.  2 

27.  8 
12.1 
12.6 
23.1 
14.8 
13  5 
15. 1 
15.1 
13.  0 
11.8 

1 

IS.'.) 

24.  5 
23.  s 
23.  7 
20.1 
21.4 
16.2 
17.8 
16.5 
28.2 
19.5 
19.6 
31.6 
29.0 
23.9 
25.8 
19.  .5 
1.5.9 
21.6 

15.5 
14.8 

1 

2.  . 

57.  7 

3 

4 

61.7 

6 

61.  1 

7 

72.  0 

8 

67.0 

9 

67.4 

10 

11 

■ 

12. .. 

62.0 

13 

43.2 

14... 

43.2 

15 

64.0 

16 

61.6 

17 

57.  i 

18.   . 

19 

M.  9 

20 

21 

22 

71.5 

23 

73.4 

Unweighted  avei 
Weighted  average 

.68 
.  51 

.8.5 
.65 

2.27 
2.09 

3.80 
3.  2.5 

17.9 

22.4 

59.7 

Table  19. — Cost  of  avoidable  delays  on  all  projects  b 


Cause  of  delay 

Avoidable 
major 
delay 

Cost  of 

:i\  oidable 

major 

V  voidable 

minor 
delay 

Cost  of    (-OSIOf.,ii 

Hauling  equipment  operation. 

Hours 

4  1.0 

$1,549 

Hours 
613.5 

38,  725 

Handling  material  al  plai 
Lack  of  material  at  plant 

8,881 

Moving  at  street 
Miscellaneous 

■-ii  3 

7.5.  2 
47.7 
15  9 

2,  647 
1,680 
1,616 

2,711 

erial  at  planl 
Late  i  tart,  management 
Bandling  asphaltic  cement  and 

fuel 

2,747 

7.1 

1.  113 
250 

1,  113 

Mechanical  at  planl 

250 

Total 

663.8 

23,370        1.573.  1 
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Table  20. — Cost  of  avoidable  delays  by  projects 


Projecl  no. 

Cost  of 
labor  and 

equip- 
ment per 
available 
hour 

\  \  oid- 
ablc 

major 
delay 

Cost  of 

major 
delay 

Cost  of 
labor  and 

equip- 
ment per 
working 
hour 

Avoid- 
able 
minor 
delay 

Cost  of 

avoidable 
minor 
delay 

Coil  ("fall 

avoidable 
delay 

1... 

$53.  20 
55.  60 
28.  00 
34.  80 
66.00 
17.50 
25.60 
22.  80 
68.20 
16.30 
32.50 
51.10 
29.10 
17.30 
25.90 
34.50 
46.  70 
90.  50 
58.  30 
35.70 
54.20 
86.20 
92.00 

Hours 

10.1 

6.5 

2.0 

13.7 

20.6 

100.5 

48.0 

41.8 

10.7 

109.2 

11.3 

43  6 

1.5 

2.0 

26.9 

49.3 

6.2 

6.6 

59.  5 

5.  0 

13.  0 

10.  3 

2.5 

$537 

361 

56 

477 

1,389 

1,759 

1,229 

1,021 

730 

1,780 

1,342 

44 

35 

697 

1,701 
290 
597 

3,409 
179 

2,331 
sss 
230 

$60.  80 
67.  00 
47.00 
70.00 
78  00 
31.60 
36.  50 
26.10 
69.70 
34.90 
37.00 
58.60 
81.60 
78.10 
43.80 
78.70 
48.00 
92.10 
96.90 
82.20 
79.10 
97.40 
98.  00 

Hours 
120.9 

178.  7 
32.  6 
47.5 
53  8 
63   I 

133.0 
86.  8 
79.0 
64.  8 
■SO.  (i 
71.4 
23   1 
12.5 
61.  l 
93 

52.2 

07.  2 
26.4 
112.0 
38.  2 
9.7 

$7,  351 

J  1,973 

1 .  532 

3,  325 

1.  196 

2,  205 
5,506 

2,  202 

3,  204 

4,  184 

'.i70 
2,  076 
7,374 
2,  794 
4.808 
0,  512 

2.  17(1 
8,  859 

3.  721 

$7,  888 

2 

1 2, :« 1 

1 ,  5SS 

4 

3,802 

6 . 

3,  702 

S 

3    186 

9 

0,  236 

10- 

4,042 

11 

12 

13 

4,  540 
0.412 
1,953 

14 

1,011 

15 

3,373 

lfi 

0,  075 

17 .   .. 

3,084 

18 

19 

5.  405 
9.981 

20 

2,  349 

21 

11,190 

22 

4,609 

23 

1,  181 

Average.  - 

35.20 

28.9 

1,010 

60.  65 

68   I 

J,  148 

5.104 

Sand-asphalt  mixes  have  been  used  in  regions  where 
rock  would  have  to  be  transported  such  distances  as  to 
make  its  use  uneconomic.  However,  there  are  wide 
differences  in  percentages  or  rock  used  in  base  course 
in  regions  where  rock  is  readily  available.  Excellent 
pavements  have  been  constructed  with  a  high  percentage 
of  coarse  aggregate  in  the  base  and  it  appears  that  low 
percentages  of  coarse  aggregate  with  the  consequent 
increase  in  asphalt  required  are  often  uneconomic 
designs. 


COMBINED  COURSES  -  TOTAL  COST 
BASE  COURSES  PERCENT  SURFACE  COURSES 

PERCENT  PERCENT 

MATERIALS  COST 


Figure  13. — Distribution  of  Average  Costs. 

Considering  the  material  passing  the  no.  10  sieve  as 
mortar,  table  21  shows  that  bases  have  been  constructed 
with  a  mortal  content  as  low  as  23  percent  with  5  per- 
cent asphalt  and  as  high  as  85  percent  witli  8  percent 
asphalt.  The  surface  courses  range  from  33  percent 
mortar  with  5.4  percent  asphalt  to  100  percent  mortar 
with  10.5  percent  asphalt. 


Table  21. — Composition  of  mix  and  costs  of  materials,  equipment, 
and  labor  on  5  typical  projects 


Northern  bituminous  concrete 
base  (4,100  tons)  with  sheet 
asphalt  surface  (3,500  tons) 

Western  bituminous  concrete 
(225,000   tons    in    base    and 
140,127  tons  in  surface) 

Rock 

Sand 

Filler 

As- 
phalt 

Cost 
per 

ton 

Rock 

Sand 

Filler 

As- 
phalt 

Cost 
per 
ton 

Composition       of 
base  and  cost  of 
materials .. 

Composition  of  sur- 
face and  cost  of 
materials.. . 

Per- 
cent 
77.  1 

Per- 
cent 
22.9 

80.  1 
49.  3 

Per- 
cent 

19.9 

9.2 

Per- 
cent 
5.0 

10.5 
7.6 

$1.87 
3.33 

2.  50 

0.87 
1.03 

Per- 
cer.t 
71.0 

07.0 
69.4 

Per- 
il nt 
28.8 

25.  3 
27.5 

Per- 
cent 
0.2 

7.8 
3.1 

Per- 
cent 
4.9 

5.4 
5.1 

$1.85 

2.26 

Composition       of 
combined     base 
and  surface  and 
cost  of  materials. 

Cost  of— 

45.1 

1.99 
0.60 

0.45 

Total 

4.46 

3.04 

Eastern  bituminous  concrete 
(8,400  tons  in  base  and  9,200 
tons  in  surface) 

Southeastern  sand-asphalt 
(24,400    tons    in    base    and 
20,300  tons  in  surface) 

Rock 

Sand 

Filler 

As- 
phalt 

Cost 
per 
ton 

Rock 

Sand 

Filler 

As- 
phalt 

Cost 
per 
ton 

Composition       of 
base  and  cost  of 
materials 

Composition  of  sur- 
face and  cost  of 
materials 

Composition       of 
combined    base 
and  surface  and 
cost  of  materials. 

Cost  of— 

Equipment 

Per- 
cent 
21.0 

21.0 
21.0 

Per- 

C(  nt 
79.  0 

79.0 
79.0 

Per- 
cent 

Per- 
cent 
6.0 

6.0 
6.0 

$1.88 
1.88 

1.S8 

0.63 
0.73 

Pa- 
ce nt 
15.0 

13.6 
14.3 

Per- 
cent 
85.0 

74.1 
80.1 

Per- 
cent 

12.3 

5.6 

Per- 
cent 
8.0 

12.2 
9.9 

$2.14 
3.20 

2.63 
0.91 

0.63 

Total 

3.24 

4.17 

Southwestern  rock  asphalt  sheet  mix  for  sur- 
face (8,800  tons) 

Rock 

Sand 

Filler 

Asphalt 

Cost  per 
ton 

Composition  of  surface  and  cost  of  ma- 
terials  

Percent 
37.8 

37.8 

Percent 
54.9 

54.9 

Percent 
7.3 

7.3 

Percent 
9.2 

9.2 

$2  86 

Composition  of  combined  base  and  sur- 

2  86 

Cost  of — 

Equipment 

1.46 

Labor .. 

1.28 

Total - 

5.40 

RELATION    BETWEEN    TIME   OF   MIXING    AND    UNIFORMITY    OF 
MIX   STUDIED 

In  the  studies  at  various  plants  attention  was  given 
to  the  relation  between  time  of  mixing  and  the  uni- 
formity of  the  mixed  material.  A  single  test  for  uni- 
formity consisted  of  taking  a  sample  from  each  end  of 
the  pug  mill,  analyzing  the  contents  of  each  sample  and 
comparing  the  results  on  a  percentage  basis.  The 
weight  of  a  sample  was  approximately  50  times  the 
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Figure  14. — Effect  of  Various  Factors  ox  Hours  of  Labor  and  Cost  of  Labor  and   Eqi  ipment. 


weight  of  the  largest  particle.  Asphalt  was  extracted 
using  commercial  benzol  as  a  solvent.  Screen  analyses 
were  made  in  an  improvised  field  laboratory. 

A  series  of  tests  consisted  of  taking  a  pair  of  samples 
at  10-second  intervals  through  one  minute  of  mixing 
and  then  at  half-minute  intervals  up  to  3  minutes  of 


mixing.  Conclusions  ace  based  solely  on  differences 
between  samples  taken  at  the  same  instant  and  no 
attempt  was  made  to  determine  the  composition  of  a 
batch  as  a  whole.  Twenty-five  series  of  samples  were 
taken,  including  different  mixes  and  at  five  different 
plant-. 
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Figure  15. — Effect  of  Productive  Ability  on  Cost  of  Labor  and  Equipment. 


Table^22. —  Total  percentage  differences  (see  text)  between  '  samples 
taken  atjsame  instant  for  carious  mixing  times  and  for  each  series 
of  tests 


Sam- 
ple 
ei 
no. 

Seconds  of  mixins 

Course 

10 

20 

30 

40 

50 

60 

150 

180 

Surface 

1 
2 
3 
4 
5 
6 

8 

'.i 

10 

11 

12 
13 
14 
15 
16 
17 
is 
19 
20 
21 

22 
23 
24 

ling- 

44.  i; 
in  n 
31.0 
17.0 
39.  6 
77.  S 
30  2 
22.  l 
13  2 
15  ii 
13.0 

17.0 
25.  2 
22.  o 
31.6 
21.4 
25.  o 
22.0 
19.8 

7.0 
16.3 

6.6 

19.45 

25.  2 
24.8 

30.0 
21.8 
26  ii 
23.4 
26.4 
22.2 
10.2 
14.2 

22.  51 

27.2 
25.6 
24.4 
18.6 
28.0 
30.0 
27.8 
16.0 
19.  6 
30.4 

37.8 
13.6 
32.8 
27.8 

24.0 
49.  8 
9.  1 
10.0 
24.0 
48.  6 
21.8 
24.  4 
10.4 
22.0 
33.0 

15.2 
14.4 
34.  4 
18.0 
33.  6 
26.  2 
28.  4 
22.8 
17.4 
10.4 
33.6 

23.13 

9.8 
13.2 
12.  1 
23.  8 
10.4 
18.6 
20.2 

14.0    11  s 

23.0 
22.  6 
I  l.  2 
16.0 
15.2 
22.  6 
13.6 

14.0 

24.  0 

22.  0 
11.0 
42  6 
13  1 

1(1.0 
8.6 
13.  Ii 
24.2 
26  0 
14  0 

31.4 
13.4 
16  2 
19.  4 
13.  S 
18.6 

Average 

33. 98 

25.27 

15.48 

18.  40 

15.54 

18.  17 

18.11 

Levelling.      .... 

52.0 

38.0 
30.6 
43,  II 
.11  2 
14.(1 
14.8 
27.8 
26.  1 

44.8 
21.6 
36.2 
44.8 

34.4 
51.8 
36.8 
33.0 
25.  6 
39.0 
33.4 
20.  6 
16.  8 
18.2 

16  2 

15.6 
9.4 
10.  4 

17.0 
23.0 
23.8 

20.  7 
37.4 
33.2 
12.6 
36.4 
25.2 
15.8 

34.2 
20.2 
48.0 
14.0 

24.2 
50.2 
20.  2 
16   I 
15.0 
27.0 
25.6 
21.8 
18.2 
24.  2 

19.2 
19.2 
13.0 
24.4 

16.2 

x    1 
21.6 
14.8 
23  x 
31.0 

28.0 
6.0 
29.  2 
23.  6 
24  n 
13.8 

14.  6 
12  1 
28  ii 
12.  4 
18.4 
25   1 

6.0 

25   1 
;n   X 
32.  8 
1 2.  8 
12.  1 

17.0 

6.8 
29.8 
20.6 
22.0 
23.2 

Base 

30.2 

11    2    13    ' 

18  ii 

19  4 

Average,  base  and  lev< 

32.  97 

28.37 

25.69 

25.82 

24.19 

20  86 

19.40 

17.77 

19.83 

19.83 

For  each  pair  of  samples  the  percentage  of  asphalt  and 
of  each  size  of  aggregate  were  tabulated  in  adjacent 
columns.  The  differences  between  corresponding 
percentages  were  tabulated  and  then  totaled  for  the 
pair  of  samples.  Tbese  total  percentage  differences 
reflect  the  variation  between  the  two  samples.  Such 
totals  for  each  mixing  time  and  for  each  series  of  tests 
are  shown  in  table  22.  The  average  results  for  all 
samples  show  improved  mixing  with  increased  mixing 
time.  However,  certain  of  the  series  show  a  rise  and 
fall  in  uniformity  such  as  to  suggest  the  possibility  of 
segregation  due  to  overmixing. 


Table  23. — Variations  in  pairs  of  samples  in  the  percentage  of 
material  of  a  given  screen  or  sieve  size,  averaged  for  all  series,  and 
for  each  mixing  lime 

SURFACE  COURSE 


Seconds  of 
mixing 

Screen  or  sieve  size 

Asphalt 
cement 

w 

inches 

H 
inch 

No.  3 

No.  10 

No.  40 

No.  80 

No.  200 

10 

6.81 
4.88 
6.28 
9.33 
7.57 
3.24 
5.70 
5.16 
5.20 
6.56 

9.55 
l  .70 
5.  53 
4.94 
4.74 
5.20 
3.43 
3.13 
6.31 
4.70 

5.34 
2.47 
4.28 
3.40 
4.43 
1.34 
3.54 
1.87 
1.92 
2.38 

2.71 
1.30 
1.70 
1.61 
2.15 
1.50 
1.67 
1.63 
1.71 
1.20 

4.01 
2.17 
1.46 
2.  46 
1.41 
1.44 
1.59 
1.20 
.64 
1  04 

3.32 
1.97 
1.82 
1.55 
1.27 
1.53 
1.19 
.88 
.87 
.59 

2.24 
1.96 

1.44 
1.98 
1.56 
1.23 
1.34 
1.67 
1.52 
1.64 

2.25 

20 

1.75 

30 

1.80 

40 

1.65 

50 

1.59 

60 

1.10 

90 

.80 

120 

1.  16 

150 

.86 

180 

.99 

LEVELING  AND  BASE 


10. 
20. 
30. 

Ii) 

50. 

i,ii 

90. 

120 

150 

ISO 


10.74 

7.90 

6.81 

2.10 

2.27 

2.38 

0.77 

0. 

6.97 

9.41 

4.79 

2.22 

2.28 

2.05 

.65 

S.  71 

6.36 

5.01 

1.23 

2.04 

2.02 

.29 

8.46 

6.41 

4.80 

1.55 

2.41 

1.61 

.58 

7.  24 

5.07 

4.54 

2.15 

2.27 

2.29 

.63 

5.06 

7.30 

4.81 

.70 

1.34 

1.06 

.59 

5  99 

3.67 

5.23 

.93 

1.67 

1.40 

.51 

5.53 

4.14 

4.74 

.91 

1.29 

.79 

.37 

5.39 

8.17 

3.17 

.69 

1.01 

.89 

.51 

7.57 

4.33 

4.13 

.84 

1.23 

.94 

.79 

Variations  in  pairs  of  samples  in  the  percentage  of 
material  of  a  given  screen  size  or  sieve  size,  averaged  for 
all  series,  and  for  each  mixing  time  are  shown  in  table  23. 

The  data  of  table  23  when  cross  totaled  cumulatively 
(excluding  asphalt)  reflect  the  relative  degree  of  uni- 
formity of  various  portions  of  the  mix  for  the  various 
mixing  times.  Such  totals  have  been  used  in  plotting 
figure  16  which  also  shows  the  uniformity  of  the  distri- 
bution of  asphalt.  Improvement  in  uniformity  takes 
place  rapidly  during  the  first  60  seconds  and  at  a  slower 
rate  thereafter. 
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j 


30 


150 


180 


60  90  120 

mixing  time  -  seconds 
Figure     16. — Percent      Difference      of      Samples      from 
Opposite  Ends  of  Pugmill,  Results  of  All  Tests. 


ADVANTAGE  OF  ONE-COURSE  PAVEMH  \  I    lilsi  I  SSED 

In  seeking  to  reduce  die  cost  of  asphaltic  concrete 
pavements  thoughl  should  be  given  to  the  design  of  a 
mix  which  will  be  satisfactory  for  one-course  or  mono- 
lithic construction.  The  preceding  discussion  has  dem- 
onstrated the  increased  costs  for  proportioning,  mixing, 
spreading,  and  rolling  which  may  result  when  two  un- 
equal courses  of  different  mixes  are  constructed.  The 
broad  range  in  types  of  mixes  which  arc  being  success- 
fully used  indicates  the  possibility  of  designing  satisfac- 
tory mixes  for  one-course  pavements.  The  matter  of 
compacting  the  necessary  thickness  in  one  course  does 
not  appear  to  be  a  serious  obstacle.  Table  1  shows  the 
average  total  thickness  of  the  pavements  studied  to  he 
slightly  over  .")  inches.  On  five  of  the  projects  studied 
single  courses  in  excess  of  4  inches  were  satisfactorily 
compacted  and  on  one  project  the  depth  approached 
5  inches. 
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SOME  NEW  RELATIONS  BEARING  ON 
CONCRETE  MIXTURES 

BY  THE  DIVISION  OF  MANAGEMENT,  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 

Reported  by  William  A.  Blanchette,  Highway  Engineer,  Division  of  Management,  United  States  Bureau  of  Public  Roads 


IN  INVESTIGATIONS  recently  conducted  at  East 
Point,  Ga.,  the  Division  of  Management  of  the 
United  States  Bureau  of  Public  Roads  has  studied 
the  effects  of  variation  in  the  proportions  of  the  solid 
ngredients  of  concrete  and  its  water  content  upon  the 
luality  of  the  resulting  mixture  as  measured  by  its 
Iensity  and  strength.  The  tests  have  developed  indi- 
cations of  certain  relations  not  heretofore  established 
A'hich  it  is  believed  constitute  an  addition  of  funda- 
mental importance  to  the  knowledge  of  the  character 
)f  concrete  mixtures. 

Perhaps  the  most  widely  accepted  generalization  con- 
cerning the  strength  of  concrete  is  the  water-cement- 
ratio  theory  which  suggests  that  the  most  important 
factors  in  determining  strength  are  the  relative  amounts 
ff  water  and  cement. 

To  this  concept  the  work  of  Talbot  and  Richart  lias 
added,  with  respect  to  mortars,  definite  knowledge  of 
the  relations  existing  between  the  water  content  and  the 
voids  in  the  cement-sand  mixture  and  the  bearing  of 
these  relations  upon  the  strength  of  the  mortar.  They 
showed  definitely  that  for  any  given  combination  of  va- 
rious amounts  and  kinds  of  cement  and  sand  addition  of 
a  certain  amount  of  water  will  produce  a  mortar  of  maxi- 
mum density,  and  they  called  this  amount  the  "basic 
water  content."  With  all  other  amounts  of  water, 
either  greater  or  less  than  the  basic  amount,  a  lesser 
iensity  was  obtained  in  the  resulting  mortar. 

It  was  found  convenient  to  express  the  quantity  of 
water  added  in  terms  of  the  basic  quantity  as  a  "rela- 
tive water  content"  by  means  of  an  index  figure.  Thus, 
a  mixture  containing  an  amount  of  water  one  tenth 
greater  than  the  determined  basic  quantity  was  said 
to  have  a  relative  water  content  of  1.1. 

In  the  investigations  conducted  by  the  Division  of 
Management  the  method  of  determining  the  amount  of 
water  required  to  give  maximum  density  to  each  par- 
ticular combination  of  materials  was  similar  to  that  of 
Talbot  and  Richart  except  that  in  this  work  concrete 
mixtures  were  used  instead  of  mortar  mixtures. 

NEW  RELATIONS  DEVELOPED 

The  principal  new  relations  developed  are  as  follow  - 

1.  For  a  particular  combination  of  sand  and  cement 
a  relation  exists  between  the  amount  of  coarse  aggregate 
in  the  mixture  and  (1)  the  amounts  of  water  required 
as  the  basic  and  various  relative  water  contents  and 
(2)  the  corresponding  total  voids  in  the  mixture.  As 
the  coarse  aggregate  content  is  uniformly  increased, 
the  amount  of  water  required  for  the  basic  ami  each 
relative  water  content  and  the  total  voids  in  the  con- 
crete corresponding  to  each,  are  uniformly  decreased. 

2.  Likewise,  for  a  particular  coarse  aggregate  contenl . 
a  relation  exists  between  the  ratio  of  the  amount-  ol 
sand  and  cement  in  the  mixture  and  (1)  the  amounts 
pf  water  required  as  the  basic  and  various  relative 
[water  contents,  and  (2)  the  corresponding  total  voids 
n  the  mixture.  As  the  sand-cement  ratio  is  uniformly 
ncreased,  a  uniform  change  occurs  in  the  amount  of 
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water  required  for  the  basic  and  each  relative  water 
content  and  the  total  voids  in  the  concrete  correspond- 
ing to  each.  In  these  tests,  increase  in  the  ratio  of 
sand  to  cement  resulted  in  an  increase  in  both  the 
amounts  of  water  required  for  each  relative  water  con- 
tent and  the  corresponding  total  voids  in  the  concrete. 
3.  For  each  relative  water  content,  using  the  same 
kinds  of  materials,  the  slump  of  every  concrete  mixture 
will  be  the  same  regardless  of  the  proportions  of 
cement  and  aggregate  used  in  it. 

MECHANICAL  METHOD  DEVISED  FOR    MOLDING  TEST  SPECIMENS 

The  studies  were  to  involve  the  molding  of  concrete 
specimens  with  various  water  contents  for  density- 
determinations.  The  densities  determined  were  to  he 
used  in  drawing  concrete-voids  curves  from  which  act  ual 
water  requirements  for  each  particular  mixture  were  to 
be  determined.  Specimens  for  strength  tests  were  also 
to  be  made  containing  the  specific  amounts  of  water  as 
indicated  by  these  curves.  It  was  regarded  as  important 
that  a  method  be  used  for  consolidating  both  the  density 
and  strength  specimens  that  would  be  consistent  and  uni- 
form in  its  operation  in  order  that  the  densities  in  the 
strength  specimens  should  closely  and  uniformly  approx- 
imate the  densities  of  such  mixtures  as  indicated  by  the 
concrete-voids  curves.  It  was  also  desired  that  the 
method  should  be  capable  of  reproducing  in  the  density 
and  strength  specimens,  a  density  corresponding  closely 
with  the  density  of  concrete  produced  in  pavements  by 
the  customary  methods  of  mixing,  placing,  and  finishing. 

A  mechanical  compacting  machine  was  devised  and 
constructed  for  this  purpose.  The  machine  is  driven 
by  an  electric  motor  and  consists  of  a  rectangular  steel 
table,  the  drops  or  impacts  of  which  are  actuated  by  a 
series  of  gears  and  a  cam,  causing  the  table  to  rise  and 
fall  freely  upon  two  3-inch  steel  cylinders.  These 
cylinders  are  bored  to  receive  two  1-inch  steel  pistons 
which  guide  the  motion  of  the  table.  The  distance  of 
fall  and  the  rate  at  which  impacts  are  delivered  to  the 
table  can  be  varied,  allowing  the  machine  to  be  operated 
so  as  to  produce  a  density  in  the  specimen  that  tend- 
to  duplicate  the  density  of  the  same  concrete  mixture 
as  placed  in  a  particular  work  by  a  particular  method 
of  manipulation. 

Figure  1  is  a  detailed  drawing  of  this  machine  and 
illustration-  of  it  are  shown  in  figure  -. 

Considerable  preliminary  work  was  done  to  determine 
the  extent  to  which  the  machine  accomplished  the 
purposes  for  which  it  was  constructed.  Density  speci- 
mens were  molded  on  the  machine  by  different  methods 
of  operation.  The  concrete-voids  curves  resulting  from 
these  determinations  indicated  that  the  density  of  a 
concrete  mixture  could  he  changed  by  changing  the 
operation  of  the  machine,  and  that  the  machine  could 
he  operated  in  such  a  manner  as  to  duplicate  the  density 
of  the  same  concrete  as  placed  in  the  work. 

Comparisons  were  made  of  concrete-voids  curves 
resulting  from  tests  of  specimens  compacted  by  the 
mechanical  method  and  by  the  standard  method  of  hand 
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Figure  1. —  Mechanical  Compaction  Table. 


rodding.  The  results  indicated  that  the  mechanical 
method  produced  curves  that  were  as  regular  and  con- 
sistent as  those  produced  by  the  standard  method. 
Tests  were  made  by  different  operators  using  both 
methods  to  determine  how  closely  concrete-voids  curves 
could  be  duplicated  by  different  operators  with  each 
method.  The  machine  method  was  found  to  be  satis- 
factory in  this  respect. 

The  two  methods  were  compared  from  the  standpoint 
of  uniformity  of  distribution  of  the  ingredients  in  the 
molded  specimens.  This  was  done  by  splitting  cylinders 
molded  by  each  method  into  parts  and  analyzing  each 
part  to  determine  the  amount  of  each  ingredient  con- 
tained in  it.  The  results  of  this  comparison  showed  that 
from  the  standpoint  of  uniformity  of  distribution  of  the 
ingredients,  the  machine,  as  it  was  operated,  gave 
satisfactory  results. 

The  two  methods  were  next  compared  on  the  basis  of 
strength  results  for  cylinders  and  beams  molded  1>\ 
each  method.  Comparison  was  made  of  the  spread  in 
strengths  and  the  average  deviation  from  the  arithmetic 
mean  for  each  individual  set  and  for  all  sets  made  l>\ 
each  method.  These  comparisons  showed  that  the 
mechanical  method  of  molding  strength  specimens  was 
as  satisfactory  as  the  standard  method  of  hand  rod- 
ding  from  the  standpoint  of  uniformity  of  results. 


OPERATION  OF  MACHINE  DETERMINED  BY  EXPERIMENT 

The  method  of  operation  of  the  compacting  machin 
in  making  density  and  strength  specimens  was  deter 
mined  in  the  following  manner:  A  hemispherical  con 
tainer  of  one  half  cubic  foot  capacity  and  a  depth  equal 
to  the  pavement  thickness  was  placed  on  the  subgrad 
in  the  rear  of  the  mixer  on  a  paving  project.     Alter 
the  concrete  had  been  deposited  on  the  subgrade,  spread 
and    had    received    the    final    finishing   operation,    th( 
container  full  of  concrete  was  removed  and  the  con 
crete  analyzed    to  determine   the   amount  of  each   in- 
gredient in  it,  and   also  the   water  and   air  voids  anc 
density  of  the  concrete.     Several  of  these  determina- 
tions were  made  over  a  period  of  several  days  and  th( 
average  value  for  density  and  water  and  air  voids  wag 
determined.     Identical  mixtures  were  prepared  in  tha 
laboratory  from  the  same  materials  and  specimens  were 
molded  on  the  machine  using  different  heights  of  drop 
and  numbers  of  drops.      It  was  found  that  340  drops  ofj 
\,4  inch  in  a   period  of  f   minute  produced  a   density 
equal    to    that    of   concrete    in    the    pavement.     This 
operation  of  the  machine  was  adopted  for  the  subse-j 
quent  tests.     No  appreciable  segregation  of  ingredients 
was  observed  in  the  specimens.     For  proportions  other 
than   those   used   it    might   be  necessary   to   vary   the 
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>peration  of  the  machine  somewhat.  It  is  believed, 
lowever,  that  the  operation  as  determined  is  sufficient  l\ 
iccurate  and  tended  to  represent  the  manipulation  of 

he  concrete  as  placed  in  the  pavement. 

MIXTURES   USED  IN  TESTS  DESCRIBED 

In  this  investigation  two  groups  of  tests  were 
•onducted.  In  the  first  group  the  same  brand  of 
sement  and  the  same  kind  of  tine  and  coarse  aggregate 
vere  used  in  all  mixtures.  The  proportions  of  all 
ugredients  were  varied  and  the  resulting  strengths 
letermined.  In  the  second  group  three  series  of  tests 
jomprising  combinations  of  different  kinds  of  materials 
vere  made  in  winch  two  brands  of  cement,  one  kind 
)f  fine  aggregate  and  three  kinds  of  coarse  aggregate, 
sere  used.  The  ratio  of  tine  aggregate  to  cement  and 
he  relative  water  content  were  constant  for  all  three 
series.  In  each  series  the  amount  of  coarse  aggregate 
■vas  varied  from  zero  to  the  maximum. 

Basis  of  proportioning. — Proportioning  was  done  by 
ibsolute  volumes.     The  symbols  used  are  as  follows: 


a  = 
b  = 
c  = 

bs  = 


(I 

Vr 


Vc  +  c~ 


ir 


Absolute  volume  of  fine  aggregate  in  a  unit 
volume  of  freshly  placed  concrete. 

Absolute  volume  of  coarse  aggregate  in  a  unit 
volume  of  freshly  placed  concrete. 

Absolute  volume  of  cement  in  a  unit  volume  of 
freshly  placed  concrete. 

,  ,  ,  -  =  Rat io    of    the    absolute    volume    of 
a     b  +■  c 

coarse  aggregate  to  the  sum  of  the  absolute 

volumes  of  fine  aggregate,  coarse  aggregate, 

and  cement  in  a  unit  volume  of  freshly  placed 

concrete. 
Density  or  solidity  ratio  of  the  freshly  placed 

concrete. 
: Voids  (air  and  water)  in  a  unit  volume  of  freshly 

placed  concrete,  equals  1  —d. 
■  Volume  of  water  per  unit   volume  of   freshly 

placed  concrete. 

Cement-space  ratio. 
=  Relative  water  content. 
Water-cement  ratio. 


Watt  rcontt  nt. — The  water  contents  used  are  expressed 
n  terms  of  the  basic  water  content,  that  amount  of 
vater  which  gives  maximum  density  to  the  particular 
uixture,  as  determined  from  the  concrete-voids  curve 
or  that  mixture.  A  concrete-voids  curve  was  drawn 
or  every  mixture  used. 

Physical  characteristics  qf  materials. — The  physical 
haracteristics  of  the  aggregates  and  cement  are  shown 
n  table  1.  All  aggregates  were  dried  to  constant  weight 
)efore  they  were  used. 

Specific  gravity  determinations. — The  specific  gra\  ities 
if  cements  and  aggregates  were  determined  in  the 
ollowing  manner: 

Specific  gravity  =  ,,.  _\r~  >n   which    11',,   represents 

weight  in  air,  and  Ww  represents  weight  when  immersed 
n  water.     Cement   was  weighed  in   air  in   its  natural 


Figure  2. —  Mechanical  Compacting  Machine  Being  Used 
to  Mold  Beam  and  Cylinder  Specimens.  Lower  Picti  re 
Snows  Table  of  Machine  Raised  t<>  Expose  Cam  wd 
Driving  Mech  vnism. 

Table    1.      Physical  characteristics  of  materials 


Material 


te,  sand,  no.  1  ' 
Coarse       tgregate 

no.  2 
( 'oarse         n     iti     cru  lied 
limestone,  no.  :( 
i .  no.  l 
<  'ement,  no  2 


2.64 
2  62 

2.  7s 

3.  27 

.:     '1 


0.00 
50 


Mei  hanical  anab   i  .  [>eri  entage 

retail  < 


0  u 

36     Ir 


mi  094  ii 


V. 

ii  2 
mi  i 
100.0 


X 

95  8 


2  0C 


i  Sin.         i        ..ii, ,ii    by  name  and  number  represent  similar  materia]    thn 

,■  t  ■ . 

state.  Aggregates  were  weighed  m  air  in  a  bone-dry 
State.       Materials  were  weighed   in  water  after  a   period 

of  immersion  approximating  the  time  the  cement  and 
aggregate  are  in  contact  with  water  during  the  mixing 
and  molding  of  concrete  specimens  before  the  specimens 
are  weighed  for  the  densitv  determination. 
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TESTING  PROCEDURE 

Mixing  concrete. — All  concrete  was  mixed  by  hand  on 
a  steel  mixing  plate.  The  same  operator  mixed  every 
hatch  throughout  these  tests. 

Molding  specimens  for  the  density  determinations  by 
mechanical  means. — A  new  hatch  of  concrete  was  mixed 
for  each  density  determination.  The  absolute  volume 
of  each  hatch  was  slightly  in  excess  of  the  volume  of  a 
heavy  steel  6-  by  12-inch  cylinder  mold.  The  entire 
mold  was  tilled  with  concrete,  then  placed  on  the  table 
of  the  mechanical  compacting  machine  and  subjected 
to  the  compacting  procedure  adopted  as  standard  for 
these  tests.  The  mold  was  kept  full  of  concrete  during 
this  operation.  The  concrete  was  then  struck  oil'  even 
with  the  to])  of  the  mold  and  the  density,  water  voids, 
and  air  voids  of  the  concrete  determined.  Each  point 
on  the  concrete-voids  curves  represents  one  density 
determination. 

Molding  strength-test  specimens  by  mechanical  means.— 
A  separate  hatch  of  concrete  was  mixed  for  every  6-  by 
12-inch  cylinder  made.  Paraffined  cardboard  cylinder 
molds  were  filled  completely  with  concrete  and  placed 
on  the  table  of  the  compacting  machine.  The  machine 
was  then  operated  to  give  the  standard  number  of 
drops,  the  mold  being  kept  full  of  concrete  to  overflow- 
ing during  this  tamping.  The  concrete  was  then  struck 
off  even  with  the  top  of  the  mold  and  its  density  deter- 
mined. Two  separate  hatches  of  concrete,  one  for  each 
of  two  layers,  were  mixed  for  every  6-  by  S-  by  30-inch 
beam  made.  Beams  were  molded  by  filling  the  wooden 
mold  completely  full  of  concrete,  using  a  separate  hatch 
for  each  of  two  layers.  The  mold  was  then  placed  on 
the  table  of  the  machine  and  compacted,  keeping  the 
mold  filled  to  overflowing  during  the  tamping.  The 
concrete  was  then  struck  off  even  with  the  top  of  the 
mold  and  the  density  determination  made. 

Determining  density  and  voids  of  concrete. — The  out- 
side of  the  mold  containing  the  specimen  was  wiped 
clean  and  dry,  and  the  weight  of  the  concrete  contained 
in  the  mold  determined.  The  volume  of  the  hatch  was 
determined  by  the  formula: 


Volume  of  hatch  = 


Weight  of  concrete  in  original 

batch  X  Volume  of  mold 

Weight  of  concrete  in  mold 


(1) 


The  density  of  the  concrete  <l  in   the  original  hatch 
was  determined  hv  the  formula: 


Density  of  concrete 


Solid  volume  of  cement 

and  aggregates 

Volume  of  batch 


(2) 


The  total  voids  in  the  concrete  Vc  equals  1  —  <l  equals 
Wc  plus  air  voids.  Wc,  the  volume  of  water  pec  unit 
volume  of  freshly  placed  concrete,  was  determined  by 
the  formula: 


W, 


Weight  of  water 
added  to  batch 
Weight  of  water 
per  cubic  foot 


Volume  of  water 

absorbed  by 

aggregates 


(3) 


Volume  of  batch 

Air  voids  equal  Ve  minus  \YC. 

Curing  and  testing. — All  strength  specimens  remained 
in  air  for  the  first  24  hours.  They  were  then  placed  in 
the  moist  room  until  removed  for  testing  at  the  age  of 


28  days.  Every  strength  specimen  made  was  tested 
and  the  strength  of  every  break  is  included  in  the 
analyses  of  results  obtained. 

FIRST  GROUP  OF  TESTS  DESCRIBED 

These  tests  were  made  in  an  effort  to  determine  the 
effect  on  the  strength  of  concrete  of  the  following: 
(1)  Ratio  of  fine  aggregate  to  cement;  (2)  amount  of 
coarse  aggregate;  (3)  amount  of  water. 

Nine  different  mixtures  of  cement,  fine  aggregate, 
and  coarse  aggregate  were  used.  All  of  these  mixtures 
are  considered  to  be  within  the  practical  limits  of 
mixtures  used  in  concrete  pavement  construction. 

A  concrete-voids  curve  was  drawn  for  each  of  the  nine 
mixtures  to  determine  the  amount  of  water  required  to 
give  maximum  density  to  the  concrete  (basic  water  con- 
tent) and  to  find  the  amounts  of  water  to  be  used  in  the 
strength  specimens  in  terms  of  this  basic  water  content. 

After  determining  the  basic  water  content  for  each 
mixture  from  the  concrete-voids  curves,  six  6-  by  12- 
inch  cylinders,  two  6-  by  8-  by  30-inch  beams  and  one 
slump  test  were  made  with  each  of  the  nine  mixtures 
for  each  of  the  following  water  contents:  1.00  relative, 
which  is  basic  water  content,  1.10  relative,  and  1.20 
relative.     This  made  27  different  concrete  mixtures. 

The  9  mixtures  of  cement,  fine  aggregate  and  coarse 
aggregate,  are  as  follows: 

[0.45 
-  =  2.00,  6,.  =  {0.50 


=  2.50,6, 


3.00,  bs 


0.55 
0.45 
0.50 
0.55 
0.45 
0.50 
0.55 


The  corresponding  proportions  by  weight  are  con- 
tained in  table  2.  No.  2  cement,  no.  1  sand,  and  no.  3 
crushed  limestone  were  used. 

Table  2. — Proportions  of  all  mixtures  by  weight 


Absolute  volume 

Proportions  by  weight 

b, 

a 

c 

Cement 

Fine 

aggregate 

Coarse 

aggregate 

0.45 
.45 
.45 
.50 
.50 
.50 
.55 
.55 
.55 

2.00 
2.50 
3.00 
2.00 
2.50 
3.00 
2.00 
2.50 
3.00 

1 

1 
1 
1 
1 
1 
1 
1 
1 

1.63 

2.  03 
2.44 
1.63 
2.  03 
2.44 
1.63 
2.03 
2.44 

2.10 
2.45 
2.80 
2.57 
3.00 
3.43 
3.14 
3.66 
4.18 

RESULTS  OBTAINED  IN  FIRST  GROUP  OF  TESTS 

Table  3  shows  the  results  of  the  density  determina- 
tions from  which  the  concrete-voids  curves  were  drawn. 
This  tabulation  is  an  example  of  the  data  required  in 
drawing  concrete-voids  curves. 

Table  4  is  a  summary  of  all  data  collected  in  this 
group  of  tests.  This  table  contains  average  values  for 
each  mixture.  The  individual  values  from  which  these 
averages  were  obtained  are  available. 

Table  5  shows  the  effect  of  -,  bs  and  relative  water 

c' 

content,  w,  on  the  compressive  and  flexural  strength 

of  the  concrete. 

Table  6  is  a  tabulation  of  the  slumps  of  the  9  different 

mixtures  for  each  of  the  3  relative  water  contents. 
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Table  3. — Concrete-voids  determinations 


=  2.00     6,  =  0.45 
c 


Weight 
of 

water 

Total 
weight 
of  ma- 
terials 

Weight 

of  ma- 
terials 
in  mold 

Volutin' 
of 

batch 

Density 
of  con- 
crete 

Voids 

w  atei 

Air 

Total 

Cubic 

Pounds 

Pounds 

1  'nil  n, Is 

feet 

2.50 

36.531 

24.  039 

ii  30S9 

0.  6315 

o  126 

0.  2425 

2.75 

36.781 

25.  566 

.2925 

.667 

.147 

186 

.  333 

3.00 

37.031 

26.  934 

.  2795 

.  6975 

.  168 

.  1345 

3025 

3.125 

37. 156 

28.  560 

2636 

.737 

.  186 

.075 

.  263 

3.25 

37.281 

29.  566 

.2563 

.761 

.  199 

.040 

239 

3.50 

37.  531 

29.  773 

.  2563 

.761 

.215 

.024 

239 

3.75 

37.  7S1 

29.  687 

.2589 

.753 

.228 

.  019 

.247 

4.00 

38.031 

29.  605 

.  2612 

.747 

.245 

.60S 

.  254 

4.25 

38.  281 

29.  578 

.2631 

.742 

.255 

.  003 

258 

=  2.5     6,=0.45 


2.  75 

36.  5811 

25.781 

.  2885 

.  676 

.  149 

.  175 

324 

3.  (X) 

36  839 

27  836 

21  '.<  I 

.725 

.  175 

.  100 

275 

3.  25 

37.  089 

29.  348 

.  2569 

.  759 

199 

.  042 

.241 

3.  375 

37.214 

29.  476 

2567 

.759 

.207 

.034 

-Ml 

3.50 

37  339 

29.  594 

.  2565 

.761 

.215 

.024 

.  239 

3.50 

37.  339 

29  648 

.2564 

.761 

.215 

.  (124 

.  239 

3.75 

37.  589 

29.  652 

.2577 

.757 

.229 

.014 

.  243 

4.00 

37.  839 

29.  508 

.2607 

.748 

.242 

.010 

.252 

4.25 

38.  0S9 

29.  516 

.2623 

.743 

.256 

.001 

.  257 

-3.00     &s  =  0.45 


2.75 

36.  445 

24.918 

.2973 

.656 

.145 

.  201 

346 

3.00 

36.  695 

26.  109 

.  2857 

.682 

.165 

.  153 

.318 

3.25 

36.  945 

29. 136 

.2578 

.756 

.  198 

.046 

244 

3.50 

37.  195 

29.  461 

.  2566 

.760 

.214 

.026 

.240 

3.75 

37.445 

29.  547 

.  2576 

.757 

.229 

.014 

.243 

4.00 

37.  695 

29.  422 

.2605 

.749 

.242 

.009 

.251 

4.25 

37.  945 

29.414 

.2622 

.7435 

.  256 

.  0005 

2565 

2.00     b,  =  0.50 


2.50 

36.  4114 

24.  695 

.3000 

.650 

.  130 

.  22(1 

.350 

2.75 

36.  744 

26.  226 

.2852 

.684 

.  151 

.  163 

.314 

3.00 

36  11'.  11 

29.  883 

.2517 

.775 

.186 

.039 

.225 

3.  125 

37.  119 

30.  020 

.2517 

.776 

.195 

.029 

.224 

3.25 

37.  244 

30.  000 

.2524 

.773 

.202 

.025 

.  227 

3.50 

37.  494 

30.  121 

.2536 

.769 

.217 

.014 

.231 

3.75 

37.  744 

29   V2S 

.2573 

.758 

.229 

.013 

242 

2.50     &„  =  0.50 


2.50 

36.  320 

24.  601 

.  3001 

.650 

.  130 

.220 

.  350 

2.75 

36.  570 

25.  840 

.2873 

.679 

.  150 

.171 

.321 

3.00 

36.820 

29.043 

.2577 

.757 

.  182 

.  061 

.243 

3.125 

36.  945 

29.719 

.2527 

.772 

.  194 

.034 

228 

3.25 

37.  070 

:")  s7.', 

.2523 

.773 

.202 

.  025 

.227 

3.50 

37.  320 

29.  746 

.2551 

.  765 

.215 

.020 

.'. 

3.75 

37.  570 

.".i  7s'i 

.2364 

.761 

.230 

.009 

239 

-  =  3.00     6„  =  0.50 


2.50 

36.  189 

24.  309 

.  3027 

.644 

.129 

.  227 

• 

2.75 

36.  439 

25.914 

.2855 

.683 

.150 

.  167 

.317 

3.00 

36   6V.I 

28.976 

.2574 

.758 

.  183 

.059 

.  242 

3.  125 

36.814 

29   39.S 

25  16 

.766 

.  192 

.042 

234 

3.25 

36.  939 

29.668 

.2531 

.771 

.202 

.027 

229 

3.50 

37.  189 

29.  734 

.2543 

.  7675 

.216 

.0165 

2325 

3.75 

37.  439 

'.'9   66* 

.2565 

.7505 

.  230 

.0095 

2391 

=  2.00     b,  =  0.55 


2.50 

36.  495 

25.  715 

.2885 

.677 

.135 

188 

323 

2.75 

36.  745 

30.  125 

.2480 

.787 

.  173 

.040 

.213 

2.875 

36.  860 

30.  242 

.2478 

.788 

.181 

.031 

.  212 

3.00 

36.  995 

30  5*2 

.2459 

.793 

.192 

.015 

.  207 

3.25 

37.  245 

30.  660 

.2470 

.790 

.206 

.004 

210 

3.50 

37.  495 

30.  375 

.2509 

.778 

.219 

.003 

222 

Table  3. — Concrete-voids  determinations     Continued 


2.50     b,     0.55 


Weight 

of 
water 

Total 
weight 
of  ma- 
terials 

Weight 

of  ma- 
terials 
in  mold 

Volume 

of 
1  atch 

Density 

of  con- 
crete 

Voids 

\\  atei 

An 

i  otal 

Pounds 

2.  50 
2.75 
2.875 
3.00 
3  (III 

3.  25 
3.  50 

Piilllllls 

36  298 
36.  548 

36.  673 
36.  7'.is 

36.  789 

37  (lis 

37.  29* 

Pounds 
26  234 

29  516 
30.  027 
30.074 

30  187 
30  258 
30.  265 

Cubic 

hit 

2808 
.2517 

2483 

2488 
.  2478 

2489 
.  2497 

.  695 
.  776 
.  786 
784 
.787 
784 
780 

.  139 

.  171 
.  181 
.  189 

.  189 

201 

.  220 

.  166 
.  053 
.  033 
.  027 
024 
,012 

III  10 

.  305 
.  221 
211 
216 
.  213 
216 
220 

=  3.00     b, 
c 


0.55 


2.  50 

36.  181 

25.617 

.2871 

680 

.  135 

.  185 

.320 

2.75 

36.431 

28.  328 

.2615 

746 

.  164 

.090 

.  25 1 

2.875 

36.  556 

30.059 

.  2172 

789 

.  182 

.  1)29 

.211 

2.875 

36.  556 

29  106 

.  2527 

.  772 

.  178 

.  050 

.  22S 

3.00 

36.681 

29  957 

.  2489 

784 

188 

.Ills 

216 

3.00 

36.  6N1 

30.  164 

.  2473 

.789 

.  190 

.021 

.211 

3.25 

36.  931 

3(1.  156 

.  2489 

.784 

201 

.012 

.216 

3.50 

37.  181 

30.  023 

.  2518 

.774 

.218 

(IDS 

.  226 

Table  7  shows  the  values  and  changes  in  values  of 
Wc  and  Vc  at  maximum  density  or  basic  water  con- 
tent for  the  different  values  of      and  6S. 

Table  8  shows  the  densities  taken  from  the  concrete- 
voids  curves  and  the  densities  as  determined  for  the 
strength  specimens  made  with  corresponding  mixtures. 

Table  9  shows  the  average  of  individual  percentage 
variations  in  strength  from  the  arithmetic  mean  of  each 
set  of  specimens  made  with  each  mixture. 

Figure  3  shows,  for  each  value  of  •  the  concrete- 
voids  curve  for  each  of  the  three  values  of  bs.  These 
curves  are  replotted  in  figure  4  which  shows  for  each 

value  of  bs  the  concrete-voids  curve  for  each  value  of 

Figure  5  shows  the  effect  of  variations  in    ■>  bit  and 

relative  water  content  on  the  compressive  and  flexural 
strength  of  concrete.  Each  point  shown  on  the  curve 
is  the  average  of  6  breaks  (3  breaks  for  each  of  the  2 
beams  in  the  case  of  flexure.). 

Figure    6    shows    the   relation    of    the    water-cement 

ratio  to      and  b.  for  the  27  mixtures  used, 
c 

Figures  7  and  8  show  the  effect  of  the  water-cement 
ratio  on  the  compressive  and  flexural  strength  of  the 
concrete.  Each  point  on  these  figures  is  the  average 
of  <i  breaks. 

Figure  9  consists  of  photographs  showing  the  slumped 
concrete  for  each  mixture  and  showing  the  beam 
breaks  with  the  exposed  particles  of  coarse  aggregate 
on  one  of  the  broken  ends. 

RESULTS  OK  FIRST  GROUP  OK  TESTS  DISCI  SSED 

The    two    outstanding    results    developed    by    these 

tests  are:  For  a  particular  value  of       a   relation   exists 

between  the  values  of  bs  and  the  value  of  11',  and  \' 
for  basic  water  content.  The  same  relation  likewise 
exists  between  the  values  of  A  and  the  points  corre- 
sponding to  other  relative  water  contents  computed 
from  the  basic.  This  relation  is  shown  in  figure  3. 
In    each    figure    the    points    of    corresponding    relative 
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Table  4. — Summary  of  data  from  first  group  of  tests 


Data  from  stren 

gth  specimens  - 

0 

*o 

Data  from  concrete-vo 

determinations 

.Is 

03 

03 

C\ 

linders 

Beam? 

M 

3 

Voids 

Voids 

3^" 

— 

Voids 

=  3?, 

- 

b. 

5 

>=S 

■o 

>  ~  " 

Wc 

g 

"-    1 

■ 

1  o+C 

c 

; 

a 

u 

-~z 

a. 

- 

J3 

-?=,-- 

»£ 

c 

u 

±>  a 

c 

0,5 

bfl 

.9  >  £ 

ft  CJJ 

- 

~ 

Z. 

J 

^•1 
=  o.-S 

a 

Z. 

a 

^   zi  — 

S 

03 

■u 

| 

- 

_. 

■7. 

£ 

<s 

- 

| 

£ 

£  S  E 

3  ' 

£ 

$ 

~5 

I 

a 
u 

3 

<u  a  a 
OS  £  S 

3 

s 

a 
o 

o 

it 

■r- 

~ 

~ 

Zj 

^ 

~ 

■- 

z 

^ 

c 

>  p,i 

33 

"3 

~ 

.3 

o 

i> 

GJ 

>  ai; 

P3 

O 

Bj 

Cubic 

^ 

r- 

r> 

> 

£- 

<* 

i- 

" 

O 

< 

§ 

> 

> 

<j 

H 

U 

6h 

< 

s 

0 

CO 

Cubic 

/  bs  pi  i 

Lbs.  per 

Cubic 

Lbs.  per 

Lbs  i"i 

feet 

feel 

sq   i  a 

XII      1  II 

feet 

sq.  in. 

sq.  III. 

2.  00 

n   1. 

1   II 

n  256 

0.  21)45 

n  0335 

i)  238 

ii  762 

n  255 

(1  2II.S 

n  030 

n  235 

0  7(15 

4.716 

10.  0 

1,217 

1.033 

0.  203 

0.  042 

0.  245 

0.755 

771 

8.3 

266 

1.47 

5.  11 

8.12 

0.  373 

2  no 

45 

1    1 

.  2575 

.  225 

D17.-, 

2425 

757! 

256 

226 

in:-; 

239 

.7111 

1,  132 

3.0 

410 

1.038 

.  223 

.026 

.249 

.751 

733 

4.8 

123 

1.63 

5.  fill 

8.07 

.  368 

2  mi 

45 

1    2 

.  an 

.  2455 

.  0065 

.252 

748 

260 

.  246 

.0112 

.  2  IS 

752 

3,  861 

6.2 

714 

l  046 

.244 

.(111) 

.254 

740 

rt90 

6.7 

137 

1.80 

ii  24 

7.97 

.  356 

2   51 

45 

1.0 

.  256 

.2065 

.0315 

.  238 

.  7(12 

.  254 

.208 

.  024 

.  232 

.  768 

3.  546 

3.9 

577 

1   027 

.  2i  in 

.  033 

.  239 

.761 

723 

3.5 

77 

1.73 

6.  02 

6.98 

.341 

_  51 

I., 

1    1 

2575 

227 

in.-,.-, 

242", 

.  7.-,;;. 

.  256 

22!) 

.  009 

.  238 

.  7(12 

3,  235 

3.0 

287 

1.027 

227 

.016 

.243 

.757 

694 

2.5 

73 

1.92 

1,    M 

6.93 

.334 

2  50 

45 

1.2 

2605 

.  24s 

0035 

2515 

.7485 

.259 

.  249 

-.002 

.247 

.  753 

2.721 

6.1 

505 

1.048 

.  247 

.009 

.  256 

.744 

CIS 

6.4 

127 

2.  12 

7.36 

6.84 

.323 

3.  00 

45 

10 

.  25(15 

.  21(15 

.  0295 

.240 

.  760 

.  254 

216 

.018 

234 

766 

2.  n;,  I 

2.5 

346 

1.029 

.214 

.  026 

.240 

.760 

620 

7.8 

162 

2.  OH 

7.16 

6.09 

.309 

:;  nil 

45 

1    1 

2585 

.  2315 

0145 

.  2  in 

.754 

.  257 

.237 

.01)1 

.241 

,  75'.) 

2,544 

2.7 

191 

1.049 

.232 

.024 

.  256 

.744 

552 

6.4 

S3  2.  28 

:  9-j 

n  (13 

.301 

3  00 

45 

1   2 

262 

2525 

.004 

2565 

.  7435 

261 

j.-„; 

.000 

253 

.747 

1,807 

4.1 

287 

1.043 

.254 

-.001 

.253 

.747 

490 

4.9 

8712.  48 

k  n: 

5.94 

.  287 

■_»  mi 

50 

1   (1 

.251 

1935 

0295 

.  223 

.777 

2 18 

196 

.017 

.  213 

.7S7 

4.  782 

5.4 

782 

1.012 

.193 

.  036 

.  229 

.771 

766 

2.0 

45 

1.51 

5.  22 

7.  58 

.380 

2.  HO 

50 

1    1 

.  2535 

213 

,0175 

.  23115 

.  7695 

.251 

.  215 

.008 

.  223 

.777 

3,  975 

4.2 

672 

1.029 

.210 

.030 

.240 

.760 

773 

2.2 

66 

1.67 

5.8C 

7.49 

.366 

2  00 

.50 

1   '.' 

2565 

232 

.0075 

2395 

:nii.- 

.  256 

.  233 

.004 

237 

.  7113 

3,  295 

7.6 

693 

1.019 

.233 

.001 

.234 

.766 

674 

8.3 

272 

1.84 

ii   H 

7.  35 

.348 

2  50 

.50 

i.n 

252 

1985 

.  (us;, 

.  227 

.773 

.  25(1 

.201 

.  (IIS 

219 

.781 

3,760 

3.1 

294 

1.004 

.  199 

.024 

.  223 

.777 

696 

2  6 

65 

1 M 

•;  2s 

6.45 

.336 

2.  50 

.  50 

i.  i 

.  254 

2185 

,013 

.2315 

.  7685 

.  252 

.  22(1 

.005 

.  225 

.775 

2.  958 

4.7 

495 

1.030 

.216 

.026 

.242 

.758 

600 

8.3 

167 

2.  00 

6.  95 

6.39 

.328 

2  -II 

50 

1.2 

.  257 

,  238 

.002 

.  24(1 

.  760 

256 

24(1 

nn:; 

237 

.  7(13 

2,105 

3.9 

375 

1.032 

.237 

.006 

.243 

.757 

529 

4.  1 

54 

2.21 

7.67 

6.  30 

.314 

;  ihi 

.  50 

1.0 

253 

202 

(127 

.  22'.) 

.771 

.  252 

.203 

1124 

227 

77:', 

2,  478 

3.4 

361 

1.017 

.  21)1 

.032 

.233 

.767 

571 

6.  l 

141 

2.11 

7.32 

5.  59 

.298 

.  mi 

.50 

1.  1 

.  257 

222 

(111 

.  236 

.  7114 

.  254 

.225 

linn 

231 

.  7(19 

2,011 

3.6 

184 

1.031 

.221 

.021 

.242 

.758 

492 

4.6 

65 

2.35 

8.17 

5.  55 

.292 

3  ill) 

;,l) 

1.2 

1 

.  2425 

.  0035 

.  24(1 

.754 

.  258 

214 

-.001 

.  243 

.757 

1,290 

8.1 

308 

1.029 

.244 

-.002 

.242 

.758 

410 

7.0 

103 

2.59 

8.  9S 

5.47 

.279 

2  mi 

.55 

111 

.  246 

1815 

.025 

.  2065 

.  7935 

.  215 

.  1S2 

1)21 

.  203 

.  7117 

1,314 

9.8 

1,622 

1.012 

.177 

.052 

.  229 

.771 

766 

4.9 

156 

1    53 

5.  33 

6  '.11 

.369 

2  mi 

55 

I.  1 

247 

.  1995 

(111 

.  21(15 

.  7895 

.247 

201) 

nil) 

.210 

.790 

3.  544 

7.0 

666 

1.010 

.  195 

.032 

.  227 

.773 

692 

3.8 

111 

1    71 

;,  S'. 

6  M 

.359 

2.  IK) 

.55 

1.2 

.  2505 

.218 

.003 

.  221 

.779 

.250 

.21* 

.002 

.  2211 

.780 

3.  (161 

6.2 

576 

1.010 

.216 

.012 

.228 

.772 

675 

5.5 

111 

1.88 

6.  52 

6.76 

.345 

2  50 

1.0 

.  24S 

.  1875 

.  025 

.2125 

787E 

.  246 

.  1K>| 

.1117 

,206 

.794 

3,  514 

5.5 

SOS 

.  997 

.  186 

.031 

.217 

.783 

684 

3.7 

86 

1.86 

6.48 

5  Ml 

.330 

J  51 

.55 

1.1 

.  249 

.  2065 

.  0095 

2  in 

.784 

.  24s 

.  21)7 

.006 

.213 

.787 

2,  946 

9.2 

690 

1.014 

.  202 

.028 

.230 

.770 

605 

7.9 

147 

2  (K 

7.15 

5  s." 

.321 

'.'  50 

.  55 

1    2 

.  252 

.  225 

(100 

.  225 

.  775 

252 

22." 

-.001 

.  224 

.7711 

1,864 

5.  1 

396 

1.007 

.  225 

.000 

.225 

.775 

507 

3.0 

54 

2.  27 

7    S! 

5.77 

.307 

3  mi 

.  55 

1   i 

248 

.  1905 

.023 

.2135 

7sr,r 

.247 

192 

.017 

.  209 

.791 

2,  776 

4.3 

355 

1.010 

.  187 

.040 

.227 

.773 

581 

7.  1 

141 

2.  17 

7.5? 

5.  14 

.297 

;  nn 

.55 

1.  1 

'.'.-.n 

.  2095 

.(III 

.2205 

7795 

249 

.  210 

.no7 

.217 

.7S3 

1,991 

6.3 

432 

1.  019 

.211! 

027 

.233 

.767 

480 

3.6 

62 

2.  4f 

s  35 

5  09 

.287 

:  iki 

55 

1.2 

.  254 

.  2285 

.  004 

.  2325 

.  7675 

.  252 

.  231 

-.006 

.77.- 

l .  353 

4.4 

241 

1.015 

22S 

.003 

.231 

.769 

384 

8.5 

1102.66 

9.25 

5.  03 

.278 

1  Taken  from  concrete-voids  curves 


-  K;nh  value  is  average  of  6  values  except  beam  densilies  and  voids  which  are  averages  of  2  values. 


Table  5. — Effect  of    ,  bs,  and  relative  water  content,  w,  on  the  compressive  and  fiexural  strength  of  concrete 

WATER  CONTENT  VARIABLE 


b. 

Ba  -H 

W=1.10 

«  =1.20 

II 
c 

Compres- 
sive 

Fiexural 

Compres- 
sive 

Change 
from  basic 

Fiexural 

Change 
frcim  basic 

(''impres- 
sive 

Change 

from  1.10 
relative 

Fiexural 

Change 
from  1.10 
relative 

2  II           

i)  15 
.45 

45 
.50 

5(1 
.50 

55 
.55 
.55 

1 'nil  mix  pel 

',,/   in 

4.71(1 

3.  5  in 
2,951 

4.  782 
3,  7111) 
2,  478 
4,311 
3,514 
2,  776 

Pou  mis  /a  r 
sq   i  it 

771 
723 
620 
766 
696 
571 
7(1(1 
684 
5S1 

Pun  mix  per 
sq    in 
4,  432 
3,  235 

2,  544 

3.  975 

2,  958 
2,011 

3.  544 
2,  946 
1,991 

Pound x  per 
sq   i  a 
-2S4 
-311 
-407 
-807 
-802 
-467 
-77(1 
—  568 
-785 

1 'nu  mix  per 
sq   i  ii 

733 
694 

552 
773 
600 
192 
692 
605 
480 

Pounds  in  < 
sq.  in. 
-38 
-29 
-68 
-93 
-96 
-79 
-74 
-79 
-101 

Pounds  per 

sq  i  a 
3,861 
2,721 
1.807 
3,  295 
2,  105 
1.290 
3.061 
1,864 
1,353 

/'minds  per 
sq.  in. 
-571 
-514 
-737 
-680 
-853 
-721 
-483 
-1.082 
-638 

1 'nu  mix  per 
sq.  in. 
690 
(its 
490 
674 
529 
410 
675 
507 
384 

Pounds 

p:r  sq.  in. 

-  43 

1', 

-  62 
-99 

71 

9 

2  5 

3.0 

2.0   

2.5 

3.0..   .. 

2.0         

2  5. 

Average . . 

5S'I 

-73 

-698 

68 

SAM)  CEMENT  RATIO  VARIABLE 

Relative 
water  con- 
tent, ii 

?-2.0 

c 

"  =  25 
C 

?  =  3.0 
c 

b 

Compres- 
sive 

Fiexural 

Compres- 
sive 

Change 
from 

5  =  2.0 
c 

Fiexural 

Change 
from 

5  =  2.0 

c 

Compres- 
sive 

Change 
from 

?  =  2.5 
c 

Fiexural 

Change 
from 

5  =  2.5 
c 

ii  i  ,        

1.0 

1   1 
1.2 
1.0 
1.  1 
1   2 
1.0 
1   1 
1.2 

1 'mi  mix  pi  r 
xii    III 
4.7111 
4.  432 
3,861 
4,  7S2 
3,  '.175 
3,  295 
4,314 
3,511 
3,061 

Pounds  pt  i 

sq   in 
771 
733 
690 
7611 
773 
674 
7(1(1 
692 
675 

Pounds  per 
sq   in 
3,  546 
3,  235 

2,  721 

3,  760 
2,  958 
2,  105 
3,514 
2,  946 
1,864 

Pounds  per 

sq.  in 

-1,170 

-I.  197 

-1,  140 

-1,022 

-1.017 

-1,190 

-800 

-598 

-1.197 

Pounds  per 
sq.  in. 
723 
694 
648 
696 

600 

529 
684 

605 
507 

/'nu  mix  pt  i 

xq.  in. 

-48 

-39 

-42 

-70 

-173 

-145 

-82 

-87 

-168 

Pounds  per 
sq.  in. 
2,951 
2,544 
1,807 
2,478 
2,011 
1,290 
2,776 
1,991 
1.353 

Pounds  per 
sq.  in. 
-595 
-691 
-914 
-1,282 
-947 
-815 
-738 
-955 
-511 

Pounds  pt  r 

xii     III 

620 
552 
490 
571 
492 
410 
581 
480 
384 

Pounds 

per  sq.  in. 
-103 
-142  . 
-158 

15 

.51)   .. 

—  125  J 

-108 
-119 
-103 
-125 
123 

.55    . 

Average 

1.(137 

-95 

-828 

-123 
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Table  5. —  Effect  of  '  ,  b„  and  relative  water  content,  w,  on  the  compressive  and  flexural  strength  of  concreU   -Continued 
c 

COARSE  AGGREGA1  E  CONTENT  VARIABLE 


a 
e 

6,= 

0.45 

6.= 

I)  50 

ft      it  55 

Relative  water  content,  W 

Compres- 

SJX  e 

Flexural 

Compres- 
sive 

Change 

from 
ft,  =  11  15 

Flexural 

Change 

from 
ft.  =  n  15 

i  ompre 

Change 
from 

ft       II  Till 

Flexural 

i  'hange 

from 
ft,     ii  50 

I.O.-   

2  0 
2.0 
2.0 
2.  5 
2.5 
2.  5 
3.0 
3.0 
3.0 

Pounds  pi  i 
sq.  in 
1,716 

1.  132 
3,861 
3,  546 
3,  235 
2,721 
2,951 

2,  544 
1,807 

Pou  nits  per 
sq.  hi 
771 
733 
690 
723 
694 
648 
620 
552 
190 

Pou  mis  pi  r 
sq.  in 
1,782 
3,975 
3,  295 
3,760 
2,  958 
2,  I0,r> 
2,  47S 
2,  ill  1 
1,290 

Pou  nils  per 
sq.  in 
+66 
-457 
-566 
+  114 
-111 
-616 
-473 
-533 
-517 

1 'mi  nils  per 

SI/  -in 

766 
773 
674 
676 
600 
529 
571 
492 
410 

1 'nil  nils  /a  r 

sq.  in. 

-5 

■  in 

-16 

-27 

-94 

-119 

-4!' 

-60 

80 

1 'nn  nils  pi  r 
sq.  in 
4,314 
3  544 
3  061 
3,514 
2,946 
1,864 
2,  776 
1,991 
1.353 

1 'nil  lids  pi  i 
sq    in 

168 
-431 
-234 

-246 

-12 

-241 

+298 

-20 

|-63 

Pou  nds  per 

sq.  ill. 

766 
692 
675 
est 
605 
507 
i\ 

ISO 

384 

Pounds 
per  9q.  in 
it 

1.1-- __ 

81 

1.2. .                   

+  ! 

L.O..                       

-12 

.1                               

I.2..                           

1.0 

+  10 

1.1. _             . 

-12 

L.2 ..    .. 

21 

-362 

11 

-143 

—  16 

Table  6. —  Tabulation  of  slumps  for  nil  mixtures 


II 

6. 

Slump  in  inches  lor  relative 
water  content  of  >— 

1.00 

1.  1(1 

1.20 

>.00  .                                .   

0.  45 

.50 
55 
.45 
.50 
.  55 
.45 
..ill 
.55 

1.5 

1.5 
.'  ii 
1.5 
1.5 
1.0 
2.0 
2.0 

5.0 

l  5 
5.  11 
4.5 
5.  o 
4.1) 
4.5 
5.0 

7  II 

!.50 

7  II 
6.  5 

S.00 

7  ■'"> 
i,  5 
i.  5 

7.5 
7.0 

A  xerage 

1.7 

1    7 

7  II 

1  Slump  tests  made  in  accordance  with  A.S.T.M.  specifications. 

Table  7. —  Values  and  changes  in  values  of  voids  1',.  and  water  II',. 
at  maximum  density  (basic  water  content)  fen-  different  values  of 

a        i  j, 

ii  ml  0,. 
C 


Sand-cement  ratio 

a 
c 

ft, 

2.00 

.'  .Ml 

,i  mi 

V, 

Wc 

r. 

Wr 

Vc 

).45 

ii  238 
.223 
.2065 

0.  2045 

.  1935 

1815 

ii  238 

'-'27 
212.", 

ii  2065 
.  1985 

1S7."> 

0.  240 
229 

.2135 

0.2105 

.50 

2020 

.55... 

.  I'.  II.". 

to 

Sand-cement  ratio, 

c 

2.00 

2  :.u 

3  011 

Change  in  density  at  basic  watei 
with  6,  changing  from  0.45  to 
0.50--. 

+0.015 
+  nifts 

•  0.011 

+  in  is 

+0  III  I 

<  'hanne  in  density  at  basic  water 
with  6,  changing  from  0.50  to 
0.55 

1 1 1  55 

Change  in  water  at  basic  with  ft, 
changing  from  0.45  to  0.50 

Change  in  water  at  basic  xvith  ft, 
changing  from  0.50  to  0.55-- 

0115 
012 

III  iv-. 
IIII 

Oils" 
0115 

Table  S. 


-Comparison    of   densities  from    concrete-voids 
with  i/i  nsities  of  strength  specimens 


11 

Relative 

J  tensities 

As  determined  l>\ 

ft. 

water 

From 

strengl  Ii  specimens 

content 

concrete- 
voids 

curves 

for 

Cylinders 

Beam-. 

2.0 

0.45 

1.0 

II  7112 

0.765 

0.  7."..". 

2.0 

.  45 

1.  1 

7. -.77, 

.7111 

.751 

2.  0 

.4.", 

1.2 

748 

.751 

.746 

2.  5 

.45 

1.0 

.  7112 

.  7I1S 

.  7(11 

2.  ."> 

.  45 

1.  1 

.  7575 

.  762 

.  757 

2.  5 

.45 

1.2 

.  7485 

.  753 

.741 

3  ii 

.45 

1.0 

.  760 

.  7117, 

.  7110 

3.0 

.  45 

1.  1 

.  77.4 

759 

.744 

3.0 

.45 

1.2 

.  7435 

.747 

.717 

.Ml 

.  50 

1   (1 

.  77  i 

.7S7 

.771 

2.0 

.50 

1.  1 

.  7695 

.  , , , 

.  7111) 

2.0 

.  .",0 

1.2 

.  7i;il.". 

.  763 

.7116 

2.  5 

.  .",11 

i  i. 

.773 

.7S1 

.  777 

2.  ."> 

.  5(1 

1.  1 

.  7685 

.  775 

.  758 

2.  5 

.Ml 

1.2 

.  760 

.  7113 

.  757 

3.0 

.50 

1.0 

.771 

.773 

.7H7 

3.0 

.".II 

1.1 

764 

.  7119 

77  s 

3  ii 

.50 

1.2 

.  754 

.  757 

.  758 

2.0 

.  55 

1.0 

71137. 

.797 

.771 

2  ii 

.55 

1.  1 

.  7895 

.  7911 

.77K 

2.  1) 

.  55 

1.2 

.779 

.7MI 

.  772 

.55 

1.0 

.  7s 77. 

7' il 

.7S3 

2.  .". 

1.  1 

.  784 

.7s7 

.7711 

2.  5 

.  55 

1.2 

.  , ,  .'> 

.  77H 

.  777. 

3.0 

.55 

1   II 

.  7865 

.791 

.773 

3.  II 

.  55 

1    1 

.  7795 

,7s:t 

7H7 

3.0 

1   2 

.  775 

.  7H9 

Table  9. 


Average  of  individual  percentage  variations  in  strength 
from  arithmetic  mean  of  6  breaks 


n 
c 

ft. 

Cj  limlers 

Beams 

Relatix  i-  water  content 

Relative  water  content 

1   II 

l   1 

1.2 

1.0 

1.  1 

1    2 

2.0 

(1    17, 
.45 
15 
.50 
.50 
.  5(1 
55 

.55 

I'irei  nt 
10.0 
3  'J 

5.4 
3.  1 
3.4 
9.8 

I  3 

ft  in  ni 
3  ii 
3  ii 
2.7 
1  2 
4.7 
3. 11 
7   0 
9.  2 

..  3 

Perct  nt 

(1.  2 
11    1 

4.  1 
7  6 
:t  9 
8.  1 
'.  .' 

5.  1 
1    1 

/•,  r<  i  ni 
8  3 
3  .". 
7  8 
2  0 
2.  (1 

6.  1 
4.9 
3.7 

7.  1 

/',  in  ni 

1  8 

2  7. 
6   1 
2  2 
8  3 
1  i. 
3.8 
7.9 
:;  6 

Percent 

il.  7 

li.  1 

2  (1 

1  • 
• 

2  5 

1    1 

.;  ii 

7  II 

2.0 

2 

| 

3.0 

• 

Average 

4.9 

7.  7 

5.1 

i  9 
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Figure  3. — Voids  in  Concrete  Corresponding  to  Different 
Water  Contents   With  -   Constant  for   Each  Group  of 


Curves. 
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Figure  4. —  Voids  in  Concrete  Corresponding  to  Different 
Water  Contents  with  bs  Constant  for  Each  Group  of 
Curves. 
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Figure  5. — Effect  of  Variation  in 


relative  water  content 
and  Relative  Water  Content  on  Strength  of  Concrete. 


water  content  on  the  three  6S  curves  fall  on  a  line  that 
is  approximately  straight. 

A  relation   exists  between   the  values  of       and  the 

c 

points  corresponding  to  each  relative  water  content  for 

each  particular  value  of  bs.     The  points  of  basic  water 

content  are  shown  on  the  three  -  curves  for  each  \  nine 

c 

of  bs  in  figure  4.     This  relation  is  not   as  definite  as 

that  shown  in  figure  3. 

For  a  particular  relative  water  content  the  slump  of 

the  concrete  is  nearly  constant  regardless  of  the  values 

of  -and  bs  used  in  the  mixture.     The  slumps  of  the  9 

c 

54633—34 2 


concrete  mixtures  for  each  of  the  3  relative  water  con- 
tents, 1.00,  1.10,  and  1.20,  are  shown  in  table  6.  Then- 
are  some  variations  in  the  slumps  as  shown  for  each 
relative  water  content.  Individual  slumps,  however, 
do  not  vary  greatly  from  the  average.  The  variations 
are  considered  to  be  within  the  probable  error  within 
which  the  slump  test  can  be  made. 

Other  results  shown  by  this  tesl  follow 

The  basic  water  content  or  the  amount  of  water 
required  to  give  maximum  density  to  a  concrete  mix- 
ture, may  be  different  for  every  different  combina- 
tions of  the  ingredients. 

A  concrete  mixture  having  maximum  density  (as 
molded  in  this  test  by  a  new  method  designed  to  dupli- 
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Figure  0. — Relation  of  Water-Cement  Ratio  to       \m>  ba. 

c 


19       Z0       2  1        2  2       2  3       2.1       2  5       2  6       .7 

WATI  R- CEMENT   RATIO 

Figure  7. —  Effect  of  Water-Cement  Ratio  on  Compressive 
Strength. 

cate  the  density  of  the  concrete  in  place  in  a  pavement) 
contains  both  water  and  air  voids.  Combinations  of 
the  particular  materials  used  in  this  test,  require  a 
value  of  w  greater  than  1.20  relative  to  eliminate  all 
air  voids.  The  slump  corresponding  to  this  relative 
water  content  of  1.20  is  7  inches. 

With  a  fixed  ratio  of  sand  to  cement  the  amount  of 
water  per  unit  volume  of  concrete  required  to  give 
maximum  density  and  the  total  voids  in  the  mixture 
decreases  as  the  coarse  aggregate  content  of  the  mixture 
is  increased.  This  relation  is  shown  in  figure  3  and 
table  7.  With  a  given  ratio  of  coarse  aggregate  to 
total  solid  volume  the  amount  of  water  required  to 
give  maximum  density  and  the  total  voids  in  the  mix- 
ture increases  as  the  ratio  of  sand  to  cement  increases. 
The  increase  is  slight  for  the  range  in  sand  and 
cement  contents  used  in  this  test.  This  relation  is 
shown  in  figure  4  and  table  7. 


>. 


i.k 


27 


Figure  8. 


18        19       2  0       2  1        2  2 

water-cement  ratio 

-Efbect  of   Water-Cement   Ratio   on   Flexural 
Strength. 


The  density  of  the  concrete  in  every  strength  speci- 
men was  determined  immediately  after  the  specimen 
was  molded.  The  closeness  with  which  these  determina- 
tions approach  the  densities  shown  on  the  concrete-voids 

curves  for  the  corresponding  combinations  of  -j  bs,  and 

w  is  shown  in  table  8.  The  strength-specimen  density 
values  are  averages  for  6  cylinders  and  for  2  beams  made 
with  each  combination.  There  is  some  irregularity 
between  the  densities  of  the  test  specimens  and  the 
densities  of  corresponding  mixtures  as  determined  from 
the  concrete-voids  curves.  These  discrepancies,  which 
are  not  excessive,  can  be  accounted  for  in  part,  by  the 
fact  that  the  concrete- voids  specimens  were  molded  in 
a  heavy  steel  cylinder  mold  whereas  the  test  cylinders 
were  molded  in  light  cardboard  molds  and  the  beams 
were  molded  in  wooden  molds.  The  difference  in  the 
\\  eights  and  types  of  molds  may  have  caused  a  difference- 
in  the  magnitude  of  the  impacts  delivered  to  each.  The 
wooden  molds  for  beams  were  not  absolutely  water- 
tight, and  it  was  more  difficult  to  determine  the  volume 
of  the  concrete  in  the  mold  due  to  the  large  area  to  be 
struck  off. 

In  this  test  (in  which  water  contents  equal  to  or 
higher  than  basic  were  used)  the  amount  of  water 
required  to  give  maximum  density  to  a  particular 
combination  of  materials  was  found  to  be  that  water 
content  which  gave  maximum  strength  to  the  concrete 
made  with  that  particular  combination.  The  strength 
of  a   concrete  mixture  decreased   as  its   relative  water 

content  increased,  as  the  value  of      increased  and  as 

c 

the  value  of  bs  increased.      The  results  of  the  strength 

tests  showing  graphically  the  relation  between  strength, 

->  b,  and  w  are  shown  in  figure  5.     The  actual  variations 

c  & 

in  strength  caused  by  variations  in  the  values  of  ->  bs 

and  w  are  shown  in  table  5.     It  should  be  borne  in 

mind  that  changes  in  the  values  of  ->  b,  and  w  are  ac- 

c 

companied    by    changes    in    the    water-cement    ratio. 

These  changes  are  shown  in  table  4  for  all  mixtures. 

An  analysis  of  this  table  shows  that  for  the  9  different 

combinations    of         and    bs   the    average   decreases  in 
c 


May  iy34 


PUBLIC    ROADS 


67 


Vc  -  2-00  b5  =  0.45 
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strengths  due  to  increase  in  the  relative  water  contenl 
are  as  follows: 

Change  in  strength  due  to  change  in  water  content 


From  basic  to  1.10  relative: 

Compression 

Flexure 

From  1.10  relative  to  1.20  relative 

Compression 

Flexure 


Pounds  per 
square  inch 


-580 
-73 


For  the   nine  different  combinations  of  bs  and  w  the 
average  decreases  in  strength   due   to  increase  in   the 


value  of      are  as  follows: 
C 

Pound     pei 
qu  in 

i  in  "  from  2  00  to  2  50 

Compression 

Flexure 

l  lhange  in  "  from  2  50  to  l. 00 

c 

031 

■   ■ 
-123 

21 
13 

Flexure 

19 
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For  the  nine  different  combinations  of  w  and    -   the 

average  decreases  in  strength  due  to  increase  in  the 
value  of  b.  are  as  follows: 


Pounds  per 
square  inch 


Change  in  b,  from  0.45  to  0.50 

Compression 

Flexure 

Change  in  l>,  from  0.50  to  0.55 

Compression 

Flexure 


-362 

-46 


-143 
-16 


Percent 


The  results  of  this  analysis  show  that  with  the 
particular  materials  used  a  change  of  0.1  in  the  value 
of  w,  the  relative  water  content,  caused  a  change  in 
strength  of  589  to  698  pounds  in  compression  and  of 

68  to  73  pounds  in  flexure.     A  change  of  0.5  in  ->  the 

sand-cement  ratio,  caused  a  change  in  strength  of  828 
to  1,037  pounds  in  compression  and  of  95  to  123  pounds 
in  flexure.  A  change  in  bs  of  0.05  caused  a  change  in 
strength  of  143  to  362  pounds  in  compression  and  of 
16  to  46  pounds  in  flexure. 

The  results  of  these  tests  indicate  the  effect  of  varying 
the  proportions  of  ingredients  on  the  strength  of  con- 
crete. The  experience  in  expressing  proportions  on  the 
basis  of  solid  volumes  was  very  satisfactory.  Volume 
relations  were  being  studied  and  direct  expression  of 
these  relations  was  more  convenient,  in  this  study, 
than  indirect  expression  with  specific  gravity  as  a 
factor  influencing  conclusions. 

The  range  in  the  values  of  bs  in  this  test  was  not 
sufficiently  great  to  reflect  the  effect  of  the  amount  of 
coarse  aggregate  on  the  strength  of  concrete.  The 
second  group  of  tests  described  in  this  report  show  this 
effect  in  concrete  mixtures  in  which  the  values  of  bs 
range  from  zero  to  the  maximum. 

A  definite  relation  is  shown  to  exist  between  the 
water-cement  ratio  and  the  strength  of  concrete  both 
in  compression  and  flexure.  This  relation  is  shown  in 
figures  7  and  8.  Each  point  in  these  figures  is  the  aver- 
age of  six  breaks.  The  points  fall  within  a  band  which 
approaches  a  straight  line.  The  width  of  the  band  is 
presumably  due  to  irregularities  in  mixing,  molding, 
curing,  capping,  and  testing  and  not  to  variation  in  the 
water-cement  relationship. 

The  strengths  of  concrete  mixtures  composed  of 
different  proportions  of  cement,  aggregates,  and  water 
bear  no  direct  relation  to  their  respective  densities.     As 

an   example   the  mixture  with  -  =  2.00,    bs  =  0.45,   and 

u'=1.00  has  a  density  of  0.7650  and  a  compressive 
strength  of  4,716  pounds  per  square  inch;  the  mixture 

with  ^  =  3.00,    6,  =  0.55,  and  w=1.20  has  a  density  of 

0.7746  and  a  compressive  strength  of  1,353  pounds  per 
square  inch.  The  densities  and  corresponding  strengths 
for  all  mixtures  are  shown  in  table  4.  The  density 
determination  appears  to  have  its  greatest  value  in 
determining  the  amount  of  water  required  to  give  maxi- 
mum density  to  a  particular  combination  of  materials 
under  a   particular  method  of  placing.     The  strength 


of  a  particular  mixture,  however,  can  be  expected  to  be 
greater  with  maximum  density  than  with  any  other 
density  resulting  from  greater  amounts  of  water.  The 
actual  density  obtained  can  be  expected  to  be  different 
for  different  methods  of  placing. 

There  is  a  relation  between  the  cement-space  ratio 
and  the  strength  of  concrete  because  this  ratio  involves 
the  amount  of  cement.  This  relationship,  however,  is  not 
definite  like  the  water-cement  ratio  because  it  involves 
the  total  void  space,  and  the  voids  or  densities  for 
different  mixtures  bear  no  direct  relation  to  strength. 
The  cement-space  ratio  for  everv  mixture  is  shown  in 
table  4. 

The  amount  of  water  required  to  give  maximum 
density  to  a  particular  combination  of  materials  can  be 
determined  with  a  reasonable  degree  of  accuracy  on 
the  basis  of  density  determinations  made  by  mechanical 
means.  This  is  shown  in  table  3  and  in  the  concrete- 
voids  curves  of  figure  3.  These  curves  are  remarkably 
regular  considering  the  fact  that  each  curve  is  described 
by  only  a  few  points  and  each  point  represents  but  one 
density  determination. 

The  mechanical  method  of  molding  concrete  strength 
specimens  is  considered  to  be  comparable  with  the 
standard  hand  method  from  the  standpoint  of  the  con- 
sistency of  strength  results.  The  data  in  table  9  show 
the  average  of  individual  percentage  variations  in 
strength  from  the  arithmetic  mean  for  each  group  of 
specimens  for  each  mixture.  The  grand  average  of  all 
these  variations  in  all  mixes  is  5.3  percent  for  both 
cylinders  and  beams. 

SECOND  GROUP  OF  TESTS  MADE 

A  second  group  of  tests  was  made  for  two  purposes: 
First,  to  check  the  relations  found  to  exist  in  the  first 
group,  and  second,  to  determine  the  effect  of  the  amount 
of  coarse  aggregate  in  a  concrete  mixture  on  the  strength 
of   the   resulting   concrete.     This   group    consisted    of 

three  series.     A  value  of-  of  2.576  and  a  value  of  w 

c 

of  1.10  relative,  was  used  in  every  mixture  in  all  three 
series.  The  value  of  bs  in  series  1  and  3  was  varied  bj 
increments  of  0.10  and  in  series  2  by  increments  slighth 
greater  than  0.10,  from  0.00  to  or  slightly  above  the 
point  at  which  the  mortar  was  sufficient  to  fill  the  voic 
spaces  in  the  mass  of  coarse  aggregate  as  placed  in  the 
molds.  This  resulted  in  8  concrete-voids  curves  for 
series  1,  9  curves  for  series  2,  and  8  curves  for  series  3. 
Strength  specimens  were  made  only  with  those  mixtures 
in  which  the  mortar  was  sufficient  to  fill  the  void  spaces 
in  the  coarse  aggregate.  This  resulted  in  7  different 
mixtures  for  series  1  and  8  different  mixtures  for  series 
2  and  3,  making  23  mixtures  from  which  strength  speci- 
mens and  slump  tests  were  made.  Two  different  kinds 
of  coarse  aggregate  and  two  different  brands  of  cement 
were  used.  The  same  kind  of  sand  was  used  in  all 
tests.  The  materials  used  in  each  series  are  shown  in 
table  10. 

Density  determinations  were  made  and  concrete- 
voids  curves  were  drawn  for  every  mixture  in  each 
series.  Each  curve  was  used  in  determining  the  basic 
water  content  for  each  mixture;  and  for  determining  the 
amount  of  water  and  the  total  voids  for  a  relative  water 
content  of  1.10,  which  was  the  water  content  used  in  all 
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Table  10. — Materials  used  in  each  series  of  tests 


Series 

Cement 

Fine  aggregate 

Coarse  aggregate 

\ 

No.  2 

No.  1 

Sand,  no.  1 

.In 

Crushed  limestone,  no   3. 
Gravel,  no  2. 

3 

No.  2__ 

...do 

Do. 

three  series.  These  water  and  voids  data  were  then 
used  in  computing  the  proportion  of  each  ingredient  to 
be  used  in  the  strength-specimen  mixtures.  Every 
mixture  in  which  the  mortar  was  sufficient  to  fill  the 
void  spaces  in  the  course  aggregate  was  subjected  to 
one  slump  test,  and  three  6  by  12-inch  cylinders  and  one 
6  by  8  by  30-inch  beam  were  made.  Every  point  on 
all  strength  curves  represents  the  average  of  3  breaks 
in  either  compression  or  flexure. 

RESULTS  OBTAINED  IN  SECOND  GROUP  OF  TESTS 

Table  11  is  a  summary  of  the  data  from  this  group 
of  tests,  with  the  exception  of  the  densities  from  which 
the  concrete-voids  curves  were  drawn.  These  data  are 
represented  by  the  points  on  the  concrete-voids  curves. 

Table  12  shows  the  results  of  slump  tests  for  each 
value  of  bs  in  each  series. 

Table  13  shows  the  amount  of  water  in  addition  to 
that  required  for  the  mortar  that  is  required  by  the 
coarse  aggregate  at  basic  water  content  for  the  two 
types  of  coarse  aggregate  used. 


Table  14  shows  the  water  and  total  voids  per  unit 
volume  of  concrete  at  basic  water  content  for  the  differ- 
ent values  of  bs  in  each  set. 

Table  15  contains  the  mix  proportions  by  weight  for 
all  mixtures  used  in  strength  specimens  in  each  set. 

Figures  10,  11,  and  12  show  the  concrete-voids  curves 
for  all  mixtures  in  each  series  of  tests.  In  figure  10 
the  curve  for  the  mixture  with  6S  =  0.70  and  in  figure 
11  the  curve  for  the  mixture  with  6,  =  0.803  represent 
those  mixtures  in  which  the  mortar  was  not  sufficient 
to  fill  the  void  spaces  in  the  coarse  aggregate. 

Figures  13  and  14  show  the  relation  between  the 
water-cement  ratio  and  the  compressive  and  flexural 
strengths  of  the  concrete. 

Table  12. — Slump  of  concrete  for  each  mixture  in  each  series 
[«/c=2.576:  iv=  1.10  relative] 


>>, 

Series  1 

Situ-  2 

Scrip-  3 

0.0 

III:  III  i 

4.5 

4 
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3.5 

Inches 
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2.5 
2.  5 
2.5 

2 

is 

1 

Inches 

5 

.1 

2       

4 

.3 

.4 

4 

.5 

.".  ;, 

.6 

5  5 

'.  5 

Average 

4.5 

2 

5 

Table  11. — Summary  of  data  from  second  group  of  lists 
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.2035 

.  7965 

246 

191 

.014 

.  205 

795 

2,  249 

1.7 

106 

.  979 

194 

,  007 

201 

799 

459 

.  1 

2 

2  17 

7.  52 

5.  13 

.  301 

1.90 

2.  5711 

.  7 

1.10 

.242 

.  1815 

.0095 

.  191 

809 

.240 

.  183 

.001 

184 

816 

1,017 

4.9 

136 

903 

.  183 

.11111 

.  187 

.813 

305 

.8 

(i 

2  70 

9.  3S 

:;  'il 

.  270 

(.  33 

Aver- 

age 

1  u 

l  :• 

1  Taken  from  concrete-voids  curves 


■  1  aKen  irora  concrete-voias  curves. 

2  Each  value  is  the  average  of  3  values  except  beam  densities  and  voids  \> '  •   I Ion  1  determination  each. 
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Table  13. — Calculations  to  determine  the  amount  of  water  needed  to  lubricate  the  coarse  aggregate  in  concrete  mixtures  at  basic 

water  content  ■ 


1 
6. 

2 
Density 

3 

ir, 

4 

5 

Air 

6 

Volume 
of  dry 
materi- 
als plus 
absorp- 
tion 

Batch 
volume 

8 

Volume 
water 

9 

Volume 

dry 
coarse 
aggre- 
gate 

10 

Volume 
sand 
and 

cement 

11 

Water 
required 

for 
mortar 

12 

Water 
required 
for 
coarse 
aggre- 
gate 

13 

Water 
per 
cubic 
foot,  of 
coarse 
aggre- 
gate, by 

solid 
volume 

GRAVEL 

1)  0000 

0.6290 

.6515 
.6770 

Till?, 
.7380 
.  761)5 
.8045 

8300 

(i  2870 
.2710 
.2530 
.  2300 
.2110 
.  1895 
.  1650 
.  1470 

0.3710 

3485 

3230 

2895 

.  2620 

.  2305 

.  1955 

.  1700 

0.  0840 
.0775 
.0700 
.0595 
.0510 
.0410 
.0305 
.0230 

Cu.  ft. 
0  1901 
.1907 
.  1914 
.1921 
.1927 
.1934 
.1939 
.1946 

Cu.ft. 
0.  3022 
.  2927 
.2827 
.2704 
.2611 
.  2513 
.2410 
.  2345 

Cu.  ft. 
0. 0867 
.0793 
.0715 
.0622 
.0551 
.0476 
.0398 
.0344 

Cu.ft. 
0.  0000 
.0194 
.  0388 
.  0582 
.0776 
.0970 
.  1163 
.  1357 

Cu.ft. 
0.  1901 
.  1711 
.  1521 
.  1331 
.  1141 
.0951 
.  0761 
.0571 

Cu.ft. 
0. 0867 
.0780 
.0693 
.  0607 
.  0520 
.0434 
.0347 
.0261 

Cu.  ft. 
0.  0000 
.0013 
.0022 

.0015 
.  0031 
.0042 
.0051 
.0083 

Galtuns 
0.000 

1017..    .    

.501 

.2032 

.:S040  .                         

.424 
.  193 

299 

5054.    ..-. 

6047 

.324 
.327 

.457 

361 

CRUSHED  LIMESTONE 
II  IX Hill 

.  6420 
6640 
6890 
.7145 
.7430 
.7725 
8070 

.2920 
2750 
.  2.570 
.  237(1 
.2170 
.  1950 
.  1690 

35SO 
.  3360 
.3110 

.  2S55 
.  2570 
.2275 
.  1930 

.  0660 
.0610 
.  0540 
.0485 
.0400 
.  0325 
.0240 

.  1940 
.  1942 
.  1044 
.  1946 
.  194s 
.  1951 
.  1953 

.  3021 
.2926 
.2825 
.  2725 
.2625 
.  2526 
.2422 

.0881 
.  0805 
.0726 
.0646 
.0568 
.0483 
.0409 

.0000 
.0194 
.0388 
.0582 
.0776 
.0970 
.  1164 

.  1940 
.1746 
.  1552 
.1358 
.1664 
.0970 
.0776 

.0881 
.0793 
.0726 
.0617 
.  0529 
.0440 
.0352 

.0000 
.0011 
.  0021 
.  0028 
.  0040 
.0052 
.0057 

.000 

.1000 

.428 

2000 

.408 

3000 

.362 

.1000 

.384 

5000 

.6000                                            

.400 
.364 

.394 

1  Water  to  lubricate  coarse  aggregate  with  b,  of  0.00  is  not  included  in  the  averages  shown. 

The  values  for  the  water  required  for  mortar  shown  in  column  11  (or  those  mixtures  containing  coarse  aggregate  are  in  the  same  ratio  to  the  corresponding  values  for 
volume  of  sand  and  cement  shown  in  column  10  as  the  ratios  between  similar  values  (in  same  column),  for  the  mixture  containing  no  coarse  aggregate.  The  water  value  for 
the  mortar  mixture,  from  which  the  water  values  for  the  mortar  in  the  concrete  mixtures  are  computed,  is  obtained  from  the  mortar-voids  curve.  The  water  required  for 
the  coarse  aggregate  for  each  mixture  shown  in  column  12  is  the  difference  between  the  corresponding  water  values  in  columns  8  and  11. 


Table   14. —  Water  and  total  voids  per  unit  volume  of  concrete  at 
basic  water  content  for  different  values  of  bs 


Series  1 

Series  2 

Series  3 

b, 

Water 

Total 

b, 

Water 

Total 

b. 

Water 

Total 

voids 

voids 

voids 

voids 

voids 

voids 

r,  in  hi 

r,  in  ni 

Percent 

Percent 

Percent 

/'/  ret  ni 

0.  0 

0.  292 

0.  358 

0.  IX) 

0.287 

0.371 

0.0 

0.  292 

0.  358 

.  1 

.275 

.336 

.  102 

.271 

.3485 

.1 

.276 

.336 

.2 

.257 

.311 

.203 

.  253 

.  323 

.2 

.255 

.  308 

.3 

.  237 

2855 

.304 

.230 

.  2895 

.3 

.  2375 

.284 

.4 

.217 

.257 

.404 

.211 

.262 

.4 

.216 

.255 

.5 

.  195 

.  2275 

.505 

.  1895 

.  2305 

.5 

201 

.235 

.6 

.  169 

.  193 

.  605 

.  165 

.  1955 

.6 

.  174 

.  1975 

.704 

.  147 

.  170 

.  165 

.  185 

Table  15. — Proportions  by  weight  for  all  mixtures  used  in  strength 
specimens  in  each  series 


Series  l 

Series  2 

Series  3 

Proportions  by 

Proportion 

s  by 

Proportions  by 

b, 

weight 

b. 

weight 

b. 

weight 

09 

09 

09 

09 

□ 
09 

.11 

03  a> 

a 

o* 

a*  os 

c  Sf 
.—  o* 

39  ^ 
/    03 

1-    51 
CJ   09 

a 

09 

09   03 

3 

09 

f=<  bl 

& 

ft  bi 

"S, 

09 

P"H     U 

r°   M 

O 

O 

33 

93 

'_ 

« 

03 

0. 0 

1     IN' 

2  09 

o.  no 

0.000 

loo 

2.08 

(I    llll 

(I  0 

1.00 

2.  09 

0  iiii 

.  l 

1. 00 

2.  09 

.34 

.  102 

1.00 

2.  08 

.  32 

,  1 

1.00 

2.09 

.  32 

.2 

1.00 

2.  09 

.76 

.203 

1.00 

2.  08 

.73 

■1 

1.00 

2.  09 

.72 

.3 

1.00 

2  09 

1.31 

.  304 

1.00 

2.  os 

1.25 

.3 

1.00 

2.09 

1.24 

4 

1.00 

2.09 

2.04 

.404 

1.00 

2.  os 

L.  95 

.4 

1. 00 

2.09 

1.93 

.5 

1   CO 

2.  09 

3  in, 

.  505 

1.00 

2.  OS 

2.  92 

.5 

1.00 

2.  09 

2.89 

.6 

1.00 

2.  09 

4.59 

.  605 

1.00 

2  us 

4.39 

.6 

1.00 

2  09 

4,  33 

704 

1.00 

2.  os 

6.  8 1 

•  ' 

1.00 

2  09 

6.  71 

Figures  15  and  16  show  the  relation  between  the 
values  of  bs  and  the  compressive  and  flexural  strength 
of  the  concrete. 

Figure  17  shows  photographs  of  the  slumped  concrete 
for  each  mixture  and  the  beam  breaks  with  the  exposed 
particles  of  coarse  aggregate  painted. 


RESULTS  OF  SECOND  GROUP  OF  TESTS  DISCUSSED 

The  two  outstanding  results  shown  in  the  first  group 
of  tests  are  repeated  in  these  tests.  They  are  as 
follows: 

For  a  particular  value  of  -  a  relation  exists  between 

the  values  of  bs  and  the  points  of  basic  water  content. 
The  same  relation  likewise  exists  between  the  values  of 
bs  and  the  points  of  other  relative  water  contents  (1.10 
relative  in  these  tests),  which  are  computed  from  the 
basic.  This  relation  is  shown  in  figures  10,  11,  and  12. 
In  each  of  these  figures  the  point  of  basic  and  the  point 
of  1.10  relative  water  content  on  each  bs  curve  fall 
on  lines  that  are  approximately  straight. 

For  a  particular  relative  water  content,  1.10  in  these 
tests,  the  slump  of  every  concrete  mixture  composed  of 
the  same  kinds  of  materials  is  nearly  constant  regardless 
of  the  value  of  bs  for  the  mixture.  The  results  of  the 
slump  test  for  each  mixture  in  each  series  are  shown  in 
table  12.  Figure  17  show-s  the  slumped  concrete  for  all 
mixtures  in  each  series.  The  consistency  of  the  slump- 
relative  water  relation  is  demonstrated  by  the  fact  that 
in  each  series  the  slump  of  the  mixture  containing  no 
coarse  aggregate  is  approximately  the  same  as  the 
slump  of  the  mixture  containing  the  maximum  amount 
of  coarse  aggregate. 

Other  interesting  results  shown  by  these  tests  follow: 

The  point  of  basic  water  content  may  be  different  for 

every  different  combination  of  materials.     For  a  given 

value  of  -     the    amount    of    water    and    the    resulting 
c 

voids  decrease  as  bs  increases.     This  is  shown  in  table 

14  and  in  figures  10,  11,  and  12.     The  amount  of  water 

required  to  give  maximum  density  to  combinations  of 

different  materials  having  the  same  values  of-  and  bs 

c 

may  vary  for  different  brands  and  gradations  of  cement 

and  for  different  kinds  and  gradations  of  fine  and  coarse 
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Figure   10. — Concrete-Voids  Curves  for  First  Series  (Varying  Values  of  b,  and  Constant  Value  of 
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aggregate.  This  is  shown  in  table  14.  The  water  and 
the  total  voids  vary  for  similar  proportions  in  the 
different  series. 

The  concrete  mixtures  having  maximum  density  as 
placed  in  the  mold  in  this  test  contained  both  water  and 
air  voids. 

The  well-known  relation  between  the  water-cement 
ratio  and  the  strength  of  concrete  both  in  compression 
and  flexure  is  shown  in  figures  13  and  14.  The  rein  I  ion- 
ship  does  not  approach  a  straight  line  as  closely  as  in 
the  first  series  of  tests. 

No  relation  is  apparent  between  densities  and 
strengths  of  different  concrete  mixtures.  However,  table 
11  shows  that  the  density  increases  and  the  strength 
decreases  as  the  value  of  bs  increases  for  each  series. 

Mixtures  with  the  same  relative  water  content    and 

the  same  values  of  -  and  bs  may  vary  considerably  in 

slump,  depending  on  the  characteristics  of  the  ingre- 
dients.    Table  12  shows  an  average  slump  of  5  inches 


tor  series  3  and  2  inches  for  series  2.  The  same  kind  ol 
fine  and  coarse  aggregate  was  used  in  both  series,  but 
the  brand  of  cement  was  different.  There  is  also  a 
difference  in  the  average  slumps  of  series  1  and  3  of  '. 
inch.  Here  the  only  variation  in  the  kind  of  materials 
used  was  in  the  coarse  aggregate.  Series  1  had  an  aver- 
age slump  of  4\>  inches,  againsl  a  slump  of  2  inches  tor 
series  2.  Different  brands  of  cement  and  different  kinds 
of  coarse  aggregate  were  used  in  these  series.  It  ap- 
pears from  this  test  that  the  characteristics  of  t  lie  ceinen  t 

play  an  important  part  in  affecting  the  slump  or  worka- 
bility at  any  particular  relative  water  content .  The  in- 
fluence of  the  fine  aggregate  or  the  combination  of  fim 
aggregate  and  cement  on  the  slump  is  not  shown  sinC( 
the  same  kind  of  fine  aggregate  was  used  in  all  series. 
In  these  tests  the  compressive  and  flexural  strength 
of  concrete  decreased  as  the  value  of  //,  increased. 
This  is  shown  in  figures  1  .">  and  16.  There  are  excep- 
tions to  this  trend,  however.  It  is  believed  that  these 
exceptions  are  due   to   the  inconsistencies   inherent   in 


72 


PUBLIC    ROADS 


Vol.  15,  No.  5 


.360 


I  to 


180  200  220  240 

:  -  WATER  PER   UNIT  VOLUME  OF  CONCRETE 


260 


300 


320 


.340 


Figure   1 1. — Conchete-Voids  Curves  for  Second  Series  (Varying  Values  of  bs  and  Constant  Value  of  -=2.576) 


testing  work.  As  an  example,  figure  15  shows  low 
compressive  strengths  for  mixtures  of  series  2  with 
values  of  bs  of  0.00  and  0.10.  Table  11  shows  that  for 
these  particular  mixtures  the  maximum  spread  in  the 
strengths  and  the  average  of  the  variations  from  the 
mean  are  excessive.  One  of  the  cylinders  with  a  value 
of  bs  of  0.10  had  a  strength  of  4,033  pounds.  A  poor 
cylinder  in  the  group  brought  the  average  down.  With 
the  exception  of  these  two  mixtures  the  strength-6s 
relation  is  more  consistent  for  the  cylinders  than  for 

the  beams.     The   corresponding  values  of   —  for  all 

values  of  bs  are  shown  in  table  11. 

The  relation  between  the  kind  of  cement  used  and 
the  strength  of  the  concrete  is  shown  in  table  11.  The 
slump  of  the  concrete  in  series  1  and  3  was  4%  and  5 
inches,  respectively.  The  slump  of  the  concrete  in 
series  2  was  2  inches.     Had  series  1  and  3  been  made 


with  a  relative  water  content  such  as  to  give  a  2-inch 
slump  the  strengths  for  these  series  would  doubtless  be 
much  higher  and  would  be  considerably  in  excess  of  the 
strengths  of  corresponding  mixtures  in  series  2.  The 
same  aggregates  but  different  brands  of  cement  were 
used  in  series  2  and  3.  The  same  brand  of  cement  but 
different  coarse  aggregates  were  used  in  series  1  and  3. 
Had  these  brands  of  cement  been  used  with  other  kinds 
of  fine  aggregate  the  resulting  slumps  and  strengths 
might  have  been  still  different. 

The  proportions  by  weight  of  all  mixtures  are  shown 
in  table  15.  The  proportions  of  mixtures  having  simi- 
lar values  of  bs  differ  somewhat  in  the  different  series 
due  to  differences  in  the  specific  gravities  of  the  ma- 
terials. 

In  these  tests  no  definite  relation  was  found  between 
the  compressive  and  flexural  strengths  of  specimens 
composed  of  the  same  mixtures.     Table  11  shows  the 
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Figure  12. — Concrete-Voids  Curves  for  Third  Series  (Varying  Values  of  6,  and  Constant  Value  of  .      2.576). 


ratio  of  compressive  to  flexural  strength  for  all  mix- 
tures. This  ratio  varies  from  3.33  to  7.70  with  an  aver- 
age for  all  mixtures  of  5.68. 

The  amount  of  water  required  to  give  maximum 
density  to  a  particular  mortar  is  not  the  same  as  that 
required  to  give  maximum  density  to  the  concrete 
when  coarse  aggregate  is  added  to  this  mortar.  Addi- 
tional water  is  required  in  the  concrete  by  the  coarse 
aggregate.  Table  13  has  been  prepared  from  the 
concrete-voids  curves  for  series  1  and  2  to  show  this 
relation.  The  last  column  shows  the  amount  of  water 
(in  addition  to  that  required  for  the  mortar)  in  gallons 
per  cubic  foot  of  solid  volume  of  coarse  aggregate 
required  to  give  maximum  density  to  the  concrete. 
The  values  are  fairly  consistent  for  all  values  of  bs  for 
each  of  the  two  types  of  coarse  aggregate  used.  The 
variations  in  the  values  are,  no  doubt,  due  to  irregu- 
larities in  the  curves  from  which  they  were  computed. 
These  data  indicate  the  necessity  for  making  density 
determinations  on  the  concrete  mixture  rather  than  on 
the  mortar  in  the  concrete. 


CONCLUSIONS 

The  results  of  these  tests  corroborate  general  knowl- 
edge concerning  the    behavior  of   concrete   mixtures 
They  shed  new  light  and  help  to  rationalize  the  complex 
relations    existing    in    such    mixtures.      The    following 
conclusions  are  based  on  these  results: 

1.  For  the  range  of  water  contents  equal  to  or  greater 
than  basic,  density  determinations  and  the  concrete 
voids  curves  resulting  from  them  offer  a  definite  lia-is 
for  determining,  for  a  given  combination  of  particular 
materials: 

The  amount  of  water  required  to  give  maximum 
density  and  maximum  strength.  Expressing  amounts 
of  water  in  terms  of  this  basic  water  content  establishes 
a  definite  unit  of  measurement  for  designating  the 
water  required  for  any  degree  of  workability 

The  total  voids  for  each  relative  water  content. 
These  data  are  necessary  to  accurately  compute  the 
solid  volume  of  each  ingredient  required  to  produce  a 
unit  volume  of  concrete  and  the  resulting  water-cement 
ratio. 
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Figure    15.-  -Effect   or    Variation    in    Coarse    Aggregate 
Content  on  Compressive  Strength. 

The  effect  of  different  kinds  of  ingredients  on  the 
amount  of  water  required  for  maximum  density  and 
for  different  degrees  of  workability. 

2.  The  density  of  the  concrete  should  be  determined 
rather  than  that  of  the  mortar. 

3.  The  amount  of  water  required  to  give  maximum 
density  or  to  give  a  particular  degree  of  workability 
may  be  different  for  every  different  combination  of 
materials.  To  specify  a  fixed  amount  of  water  per 
unit  volume  of  cement  or  concrete  regardless  of  the 
proportions  and  characteristics  of  the  ingredients  is  not 
sound. 
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Figuhe    16-    Effect    of    Variation    in    Coarse    A iegate 

Content  on  Flexural  Strength. 

4.  The  strengths  of  different  concrete  mixtures  coin- 
posed  of  different  kinds  of  materials  apparently  bear 
no  relationship  to  their  respective  densities.  The 
strength  of  a  particular  concrete  mixture,  however,  can 
be  expected  to  vary  directly  with  its  density,  when  the 
water  content  is  equal  to  or  greater  than  basic. 

a    definite    basis    for 


5.    The   symbols  -  and   bs   offer 
c 


designating  proportions.  With  these  designations  the 
proportions  of  the  cement  and  aggregates  remain 
constant,  and  do  not  change  with  changes  in  the  rela- 
tive water  content,  as  would  be  the  case  were  the  pro- 
portions of  these  ingredient.-,  expressed  as  the  ratios  of 
their  respective  volumes  to  a  unit  volume  of  concrete. 
The  method  used  is  particularly  convenient  in  designat- 
ing the  basic  proportions  of  cement  and  aggregates  to 
which  increments  of  water  are  added  in  making  density 
determinations  for  the  concrete-voids  curses. 

6.  The  strength  of  concrete  varies  directly  with  the 
water-cement  ratio. 

7.  The  slump  of  a  concrete  mixture  depends  largely 
on  its  relative  water  content.  For  the  same  relative 
water  content  and  the  same  kinds  of  ingredients,  the 
slump  will  be  about  the  same  regardless  of  the  propor- 
tions of  cement,  fine  and  coarse  aggregate  used  in  the 
mixture. 


Figure  17.  —  Slump  Test  Specimen's  vnd  Corresponding 
Beam  Breaks  for  Test  Series  I,  2,  and  .'5  in  the  Order 
Named  from  Top  to  Bottom.  Values  oi  b  vre  Shown 
Above  Beam  Specimens.  Coarse  Aggregate  has  been 
Painted  on  [tpper  Beam  Break  in  Each  Case. 

8.    A   definite    relationship  evidently    exists   between 
the  basic  and  relative  water  contents  and  the  values  of 

bs  for  any  particular  value  of 

c 

The  results  in  the  first  group  of  tests  indicate  that  a 
relation  exists  between  the  basic  water  content  and  the 

values  of        for  anv  particular  vah f  bs.     The  range 

c 

in  the  values  of        in  this  test,  however,  was  not  great, 

and  the  resulting  values  of  11',.  and   \ ',   for  each  value  of 

for   this  water   content   were    rather  close  together, 
c 

The    direction    that    this    relation     will    take,    that    is, 
whether   the   values  of    11',    and    V,   will   increase  or  de- 
crease as  the  value  of       increases  can    be  expected    to 
c 

be    regulated    by    the   characteristics   of   the   sand    and 
cement  used,  and  by  the  particular  range  in  the  values 

of  considered. 
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MECHANICAL  ANALYSIS  OF  PORTLAND 
CEMENT  BY  THE  HYDROMETER  METHOD 

BY  THE  DIVISION  OF  TESTS,  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 

Reported  by  E.  A.  Willis,  Assistant  Highway  Engineer,  and  C.  M.  Johnston,  Junior  Civil  Engineer 


THE  hydrometer  method  of  making  a  mechanical 
analysis  of  soils  as  described  in  the  report  "Pro- 
cedures for  Testing  Soils  for  the  Determination 
of  the  Subgrade  Soil  Constants",  Public  Roads,  vol- 
ume 12,  no.  8,  October  1931,  is  adaptable,  with  few 
modifications,  to  the  analysis  of  any  fine-grained  mate- 
rial. The  chief  advantages  of  the  method  are  the  ease 
and  rapidity  with  which  the  analysis  may  be  made,  the 
flexibility  of  the  procedure  in  respect  to  the  number  of 
grain  sizes  for  which  percentages  may  be  determined 
and  the  suitability  of  the  test  for  analyzing  materials 
consisting  of  very  small  particles. 

METHOD  BASED  ON  STOKES'  LAW 

The  previous  article  described  a  general  method  of 
analysis  of  fine-grained  materials  by  the  use  of  a  hydrom- 
eter. A  known  weight  of  material  is  dispersed  in  a 
known  amount  of  a  suitable  fluid.  Settlement  of 
particles  takes  place  according  to  a  physical  law  (Stokes' 
law),  the  larger  particles  settling  most  rapidly.  Meas- 
urements of  specific  gravity  are  made  with  a  hydrometer 
at  various  intervals  of  time.  The  specific  gravity  at 
any  instant  may  be  used  to  calculate  the  percentage  of 
material  remaining  in  suspension  at  that  instant. 
A  formula  based  on  Stokes'  law  may  be  used  to  calculate 
the  diameter  of  the  largest  particle  in  suspension  at  the 
time  of  measurement.  Since  it  is  approximately  true 
that  all  larger  particles  have  settled  out  of  the  liquid, 
the  percentage  of  particles  larger  than  the  maximum 
size  just  referred  to  is  easily  determined. 

The  inherent  errors  of  the  method  are  described  by 
R.  C.  Thoreen  in  an  article  entitled  "Comments  on  the 
Hydrometer  Method  of  Analysis",  Public  Roads, 
volume  14,  no.  6,  August  1933!  This  report  also  de- 
scribes a  specially  designed  paddle  and  cup  which  are 
an  improvement  over  those  originally  used. 

This  report  describes  in  detail  the  procedure  used  in 
the  mechanical  analysis  of  portland  cement.  Since 
particles  large  enough  to  be  retained  on  a  200-mesh 
sieve  settle  out  of  a  liquid  such  as  kerosene  very  rapidly, 
it  was  necessary  to  determine  the  percentage  of  larger 
particles  by  the  ordinary  screen  analysis. 

A  series  of  sieves  of  square-mesh  wire  cloth,  conform- 
ing to  the  standard  specifications  for  sieves  for  testing 
purposes  of  the  American  Society  for  Testing  Materials 
Serial  Designation  E-ll,  are  used.  The  sieve  numbers 
with  their  openings  in  millimeters  are,  resepctively: 
No.  10,  2.00  mm;  no.  20,  0.84  mm;  no.  40,  0.42  mm;  no. 
60,  0.25  mm;  no.  140,  0.105  mm;  and  no.  200,  0.074  mm. 
A  50-gram  sample  of  dried  cement  was  used  in  the  sieve 
analysis.     Results  of  an  analysis  are  shown  in  table  1. 

The  formulas  necessary  to  compute  the  percentage 
of  material  in  suspension  in  a  liquid  when  the  density 
is  known  and  for  computing  the  maximum  diameter  of 
particle  in  suspension  are  given  below.  The  derivation 
of  these  formulas  is  discussed  in  the  reports  mentioned 
above. 
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Table  1. 


-Results    of   sieve    analysis    of   a    50-gram    sample    of 
cement 


Fraction 

Total 

passing 

Passing 

Retained 

Diameter 

sieve 

sieve 

Weight 

Amount 

Amount 

largest 

no.  — 

no.  — 

particle 

Grams 

Percent 

Percent 

Mm. 

10 

20 

0.000 

0.0 

100.0 

0.840 

20 

40 

0.000 

0.0 

100.0 

0.420 

40 

60 

0.000 

0.0 

100.0 

0.  250 

60 

140 

0.  150 

0.3 

99.7 

0.  105 

HO 

200 

1.850 

3.7 

96.0 

0.074 

For  a  50-gram  sample  of  cement  dispersed  in  enough 
liquid  to  make  1,000  cubic  centimeters  of  mixture, 


G, 


D 


50P\ 

1000-^+^ 

i,uuu      G/^1Q0 (1) 

1,000 


in  which  D  =  density   of   the   mixture   of   cement    and 
kerosene, 
Gk  =  specific   gravity   of   the   kerosene   at   the 
temperature  at  which  D  was  obtained, 
6r  =  specific  gravity  of  cement, 
and  P  =  percentage  of  dispersed  cement  in  suspen- 
sion. 
Solving  equation  (1)  for  P, 

P  =  2,000  «(§=D .(2) 


d- 


V 


30nL 


9S0(G-Gk)T 


-    P 


0306nL 


Gk)T 


(3) 


In  this  equation 

d  =  maximum  grain  diameter  in  millimeters. 

n  =  coefficient  of  viscosity  of  the  suspending  medium 

in  poises.     Varies  with  change  in  temperature 

of  the  suspending  medium. 
L  =  distance  in  centimeters  through  which  particles 

settle  in  a  given  period  of  time. 
T=  time  in  minutes  of  sedimentation. 

DETAILS  OF  TEST   PROCEDURE  DESCRIBED 

A  density  type  hydrometer  is  most  satisfactory  for 
the  determination  of  the  percentage  of  particles  in 
suspension.  In  the  investigations  forming  the  basis  of 
this  report  two  hydrometers  were  used,  since  no  single 
hydrometer  covering  the  necessary  range  was  available. 
The  hydrometer  should  read  from  a  minimum  corre- 
sponding to  the  density  of  the  kerosene  used,  to  a 
maximum  corresponding  to  the  density  of  a  suspension 
of  50  grams  of  cement  per  liter.  For  ordinary  condi- 
tions a  hydrometer  having  a  range  of  0.75  to  0.85  will 
be  adequate. 


Ma  j    1934 


PUBLIC    ROADS 


77 


A  dispersing  agent  must  be  used  in  any  mixture  of 
cciiicut  with  kerosene.  Several  dispersing  agents  in 
varying  amounts  were  tried  before  it  was  found  that 
60  drops  of  oleic  acid  to  the  liter  of  kerosene  was  satis- 
factory. The  oleic  acid  and  kerosene  should  be  mixed 
before  the  cement  is  added.  It  is  important  that  the 
suspending  medium  be  free  of  water  and  that  the  cement 
be  thoroughly  dry  at  the  time  of  dispersion  if  floceula- 
tion  is  to  be  prevented. 

The  dispersion  procedure  is  to  fill  the  mixer  cup  to 
within  3  inches  of  the  top  with  kerosene,  add  60  drops 
of  oleic  acid,  and  mix  for  1  minute.  Remove  cup,  add 
50  grams  of  oven-dried  cement  and  add  enough  kerosene 
to  bring  the  level  to  within  2  inches  of  the  top,  then 
stir  in  milk-shake  machine  for  15  minutes. 

After  dispersion,  the  mixture  is  transferred  to  a  glass 
graduate  and  the  dregs  in  the  cup  are  washed  into  the 
graduate  with  more  kerosene  having  the  same  constants 
and  temperature  as  those  used  initially.  Additional 
kerosene,  having  the  same  temperature  as  the  constant 
temperature  bath,  is  added  until  the  mixture  attains  a 
volume  of  1,000  cubic  centimeters.  The  graduate  con- 
taining the  cement  in  suspension  is  then  placed  in  the 
constant  temperature  bath.  The  liquid  is  stirred  fre- 
quently with  a  glass  rod  to  prevent  settlement  of  the 
particles  until  the  liquid  attains  the  temperature  of  the 
bath.  Then  the  graduate  is  removed  and  its  contents 
thoroughly  shaken  for  1  minute.  The  palm  of  one 
hand  is  placed  over  the  mouth  of  the  graduate  as  a 
stopper  and  the  graduate  is  given  a  slow  end-for-end 
motion.  At  the  conclusion  of  this  shaking,  the  time  is 
recorded,  the  graduate  is  placed  in  the  bath  and  read- 
ings are  taken  on  both  the  hydrometer  and  a  thermom- 
eter in  the  liquid  at  the  end  of  the  following  intervals  in 
minutes:  1,  2,  5,  15,  30,  60,  250,  and  1,440. 

The  hydrometer  is  always  read  at  the  top  of  the 
meniscus  formed  around  its  stem. 

After  the  5-minute  reading  is  recorded,  the  hydrom- 
eter is  very  carefully  removed  from  the  liquid  in  such  a 
manner  as  to  cause  no  disturbance  in  it,  is  wiped  clean 
and  immersed  in  another  graduate  containing  pure  kero- 
sene which  is  kept  in  the  constant  temperature  hath. 
One  minute  before  the  time  for  another  reading  it  is 
slowly  and  carefully  replaced  in  the  liquid  being  tested. 
This  operation  is  performed  to  prevent  cement  particles 
from  settling  on  the  hydrometer  and  also  to  prevent 
the  hydrometer  from  reducing  the  horizontal  sectional 
area  of  the  liquid  through  which  the  cement  particles 
settle.  The  reading  should  not  be  taken  until  the 
hydrometer  has  come  to  rest. 

Solution  of  the  formulas  requires  information  as  to  the 
Specific  gravity  of  the  kerosene  at  the  temperatures  at 
which  readings  were  taken,  the  coefficient  of  viscosity 
of  the  kerosene  at  the  same  temperatures,  values  of  L 
for  particle  settlement,  and  the  specific  gravity  of  the 
cement.  Specific  gravity  tests  should  be  run  on  the 
kerosene  at  various  temperatures  and  a  curve  plotted 
as  shown  in  figure  1.  Values  corresponding  to  any  tem- 
peratures can  be  taken  from  the  chart.  Similarly  a 
chart  for  the  viscosity-temperature  relation  is  pre- 
pared, as  shown  in  figure  2.  Values  for  the  viscosity 
(•efficient  were  determined  by  means  of  an  Kinder 
viscosimeter  using  the  formula  suggested  by  the  United 
States  Bureau  of  Standards.1 


1  See  "The  Redwood  Viscosimeter",  by  Winslow   If.    Hersehel,  U.S. 
Standards  Technological  Paper  no.  210,  p.  243. 
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Figure  1.     Specific  Gravity  of  Kerosene  Used  at  Varioi 
Temperatures. 
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Values  of  L,  the  distance  through  which  the  particles 
fall,  were  assumed  to  he  the  distance  from  the  surface 
of  the  liquid  to  the  center  of  volume  of  the  hydrometer. 
Figure  3  shows  such  values  for  each  hydrometer  for 
various  readings. 

The  specific  gravity  of  the  cement  may  he  determined 
by  the  usual  pycnometer  method. 

Table  2  shows  the  results  of  a  series  of  hydrometer 
leadings  and  the  computations  based  on  them. 

As  an  example  of  the  use  of  the  formulas  assume  that 
it  is  desired  to  find  the  percentage,  P,  of  cement  in  sus- 
pension after  2  minutes. 


6'  =  3.005,  and 


D 


<;    Gt 


=  0.0136  when  T  =  2 


P  =  2,000x3.005  •  0.0136  =  83.42  percent. 

Assume  that  it  is  desired  to  find  the  diameter  of  the 
largest  particle  in  suspension  after  a  30-minute  period 
of  sedimentation.  According  to  table  1,  after  a  30- 
minute  period,  the  temperature  was  77°  F.  Conse- 
quently, Gk  =  0.7885  and  /;=  0.01088  poise.  Since  the 
hydrometer  reading  at  this  time  was  0.8050  the  distance 
L  (fig.  3)  equals  20.96  cm. 


Solving  equation  3  for  d  we  obtain, 
d  = 


vo: 


0306-0.01088/20.96 


2.2765  ■'  30 
d  =  0.0101  mm. 

Table  2. —  Tabulation  of  observations  and  computations 
[Simple  X  >   11,721      Spjsiflc  gravity =G=3.0S5] 


T 

°F 

I) 

0, 

D-Gt 

G-Gk 

D-Gk 
G-Gk 

n 

L 

P 

rf 

Min. 
1 

82 

si 
80 
7S 
77 
77 
77 
77 

i)  8210 
8180 
8130 

.8090 
.  SI  150 
7'.i40 
.7910 

.  7895 

(i  7866 

7S70 
7S74 
.  7SS1 
7885 
7885 
:ss;, 
7885 

0.  0344 
.0310 
.  0256 
.  0209 
.0165 
oil',;, 
(in.'.-, 

.0010 

o=3  ms 

2.  2784 

2.  2780 
2.  2776 
2  2769 

2.  2765 

2  271',.-. 
2.  27(15 
2.  27(15 

0.0151 
.0136 
.0112 
.  0092 
.0072 
.0024 
.0011 
.0004 

Poises 
0.01025 

.  01038 
.  01050 
(11(17.-, 
.  01088 
.  01088 
.  01088 
.01088 

Cm. 
18.06 

18.  60 

19.  51 
20.24 

20.  96 
'8.42 

8.64 
8.72 

pa. 

93 
83 
69 
56 
44 
15 

3 

m  in 
0.  0499 

2__. 

.  0360 

5 

15 

0235 

.  0139 

30... 

11101 

60 

. 00453 

250 

1,440... 

. 00225 
. 00094 

1  The  sudden  change  in  values  of  L  is  due  lo  the  use  of  another  hydrometer  at  this 
point. 

The  data  in  the  last  two  columns  of  table  2  may  be 
used  to  plot  a  grain-diameter  accumulation  curve  as 
shown  in  figure  4  with  the  exception  of  the  portion  of 
the  curve  for  diameters  of  over  0.05  millimeter.  This 
portion  of  the  curve  is  derived  from  the  data  of  table  1. 
Tbis  curve  is  plotted  on  semilogarithmic  paper. 


OBSERVATIONS  ON  BULLDOZERS  AND  LARGE 
SCRAPERS  IN  GRADING  WORK 

BY  THE  DIVISION  OF  MANAGEMENT.  UNITED  STATES  BUREAU  OF  PUBLIC    ROADS 

Reported  by  ANDREW   P.  ANDERSON,  Highway  Engineer 


THE  use  of  large  tractor-powered  bulldozers  as 
actual  excavating  units  and  the  use  of  large- 
capacity  scrapers  are  comparatively  recent  innova- 
tions in  highway  grading.  From  time  to  time,  this 
type  of  equipment  has  been  found  in  use  on  jobs  on 
which  production  studies  were  being  conducted  by  the 
Bureau  of  Public  Roads  and  the  data  thus  accumulated 
will  he  summarized  and  reviewed  briefly. 

The  bulldozer  has  long  been  standard  equipment  on 
the  dump  or  fill,  but  its  use  in  the  cut  as  a  combined 
excavating  and  hauling  unit  has,  until  recently,  been 
very  limited.  All  available  data,  however,  indicate 
that  the  bulldozer  and  the  modified  type  frequently 
known  as  the  "trail  builder"  are.  well  adapted  to 
moving  common  excavation  where  the  hauls  are  com- 
paratively short  and  down  rather  steep  grades  and  the 
materials  are,  or  can  he  made,  loose  enough  to  permit 
the  rapid  accumulation  of  a  load.  If  the  material  is 
at  all  hard  or  solid,  it  should  be  loosened  with  a  rooter 
or  a  scarifier,  or  by  blasting.  The  bulldozer  is  entirely 
satisfactory  only  where  the  ground  is  loose  enough  to 
permit  a  load  to  be  picked  up  within  a  length  of  25 
to  40  feet  with  the  tractor  moving  at  a  speed  of  2.0  to 
2.5  feet  per  second.  If  the  material  is  too  hard  or 
tight  to  permit  a  full  load  to  be  picked  up  in  from  10  to 
20  seconds,  it  should  he  loosened  with  a  rooter  or  by 
scarifying  or  by  blasting. 

BULLDOZERS    USED    IN    CONJUNCTION    WITH    POWER    SHOVEL 

The  tractor-powered  bulldozer  has  thus  far  found 
its  widest  use  as  an  excavating  unit  in  conjunction  with 
the    power   shovel    when    operating    in    rather   rough, 


weathered  and  decomposed  rocks  and  shales.  The 
bulldozer  has  certain  characteristics  which  appear  to 
limit  its  profitable  operation  as  an  excavating  imple- 
ment to  jobs  having  these  general  features.  It  is  most 
effective  in  moving  material  down  steep  slopes.  As  the 
grade  decreases  the  efficiency  decreases  very  rapidly, 
and  on  an  ascending  grade  the  efficiency  of  transporta- 
tion is  very  low. 

Proper  material  is  essential.  The  material  must  be 
naturally  loose  or  at  least  sufficiently  friable  to  permit 
rapid  and  direct  accumulation  after  loosening.  Hard 
rocks  and  very  hard  shales  can  rarely  be  shattered 
sufficiently  for  movement  with  a  bulldozer. 

A  relatively  short  haul  is  the  third  requirement. 
The  tendency  of  the  materials  to  spill  around  the  ends 
of  the  bulldozer  blade  usually  makes  long  movements 
unprofitable.  Unless  the  grade  is  very  steep  a  large 
load  at  the  start  will  soon  dwindle  to  a  small  one. 
Where  a  large  yardage  is  moved  along  one  path  a 
trough  or  trench  is  formed  by  spillage  around  the  ends 
of  the  blade  and  soon  becomes  sufficient  to  reduce 
further  spillage.  This  advantage  of  path  movement 
on  long  hauls  should  be  utilized  as  much  as  possible. 
Sometimes  the  spillage  around  the  ends  of  the  bull- 
dozer blade  can  be  reduced  by  working  two  bulldozers 
abreast  with  their  blades  only  a  few  inches  apart. 
Observations  on  a  job  where  this  wras  tried  indicated 
that  the  yardage  moved  per  trip  by  the  two  tractors 
was  increased  nearly  20  percent  over  that  moved 
when  working  independently. 

The  bulldozer  is  particularly  useful  in  conjunction 

with  the  power  shovel.     On  steep  ground  the  pioneer 

broken  country  with  a  deep  mantle  of  soil  or  deeply    road  work  necessary  for  the  shovel  to  reach  the  first 
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Cut  Illustrated  on  Cover  Pack  at  an  Advanced  Stack  of 
Construction. 

lift  of  a  deep  cut  can  frequently  be  greatly  reduced 
and  sometimes  entirely  eliminated  by  having  the  bull- 
dozer build  up  both  an  approach  for  the  shovel  and  a 
hauling  road  for  the  trucks  or  wagons.  Often  a  cut 
which  would  normally  be  made  in  two  or  three  lifts 
may  be  reduced  in  this  way  by  one  lift  and  better 
hauling  roads  provided  because  of  the  adaptability  of 
the  bulldozer  to  the  conditions.  With  the  bulldozer 
this  can  generally  be  done  with  the  movement  of  only 
pay  materials,  whereas  the  older  method  frequently 
requires  the  movement  of  considerable  quantities  of 
nonpay  materials  in  the  construction  of  approach 
roads  in  zigzags  up  the  steep  slopes. 

The  bulldozer  has  been  found  effective  in  sidehill 
work.  Work  is  usually  begun  along  the  upper  line  of 
slope  stakes  and  the  material  moved  ahead  and  to  the 
side  as  the  conditions  may  require.  So  long  as  the 
material  is  loose  or  can  be  loosened  and  the  haul  dis- 
tance is  short  enough  to  maintain  a  rather  steep  grade 
along  which  to  move  the  material,  good  production 
rates  can  be  maintained. 

The  best  operating  speed  at  which  to  haul  the  loads 
is  still  largely  a  matter  of  opinion.  The  general  prac- 
tice is  to  work  at  about  the  maximum  speed  possible 
without  obviously  straining  the  power  unit.  Tins 
practice  may  be  entirely  correct  for  many  or  possibly 
most  eases.  It  was  noted  during  recent  job  studies 
that  in  moving  loose,  noncohesive  material  down  steep 
grades  the  amount  of  material  which  would  push  or 
flow  in  front  of  the  blade  was  much  larger  at  a  speed 
of  2  feet  per  second  or  less  than  for  a  speed  of  3.5  feel 
per  second.  There  appears  to  be  some  optimum  speed 
which  will  yield  the  greatest  production,  at  least  when 
moving  loose,  noncohesive  materials  down  steep  grades. 
However,  no  definite  data  are  available  as  to  what  this 
most  productive  speed  is  or  how  it  may  vary  with 
different  materials  and  on  different  slopes. 

Opening  a  cut  with  the  bulldozer  in  ground  as  de- 
scribed above  is  comparatively  simple,  although  on 
very  steep  ground  considerable  skill  and  ingenuity  are 
required  in  maneuvering  the  bulldozer  in  its  climb  to 
the  very  top  of  the  cut.     Once  this  point  has  been 


The  Largest  Loads  are  Moved  on  Steep  Grades. 

reached  the  bulldozer  begins  to  dig  along  the  highest 
point  of  the  upper  slope  line.  The  excavated  material 
is  pushed  ahead  toward  the  fill.  If  the  ground  slope 
is  steeper  than  the  tractor  can  readily  climb  in  reverse, 
the  material  is  simply  pushed  clear  of  the  immediate 
excavation  and  allowed  to  accumulate  along  the  line  of 
the  hauling  road  until  a  runway  is  provided  with  Hat 
enough  grade  to  permit  the  bulldozer  to  return  readily 
in  reverse  after  delivery  of  its  loads  to  the  fill.  II  the 
ground  slope  is  already  flat  enough  for  the  tractor  to 
return  fairly  easily,  every  load  is  carried  to  the  fill. 
In  both  cases  the  slope  of  the  hauling  road  for  the 
bulldozer  is  kept  as  steep  as  possible  because,  within 
limits,  the  steeper  the  grade  the  larger  the  load  which 
can  be  carried  to  the  fill. 

As  the  work  progresses  the  runway  is  widened  to 
finally  include  the  full  width  of  the  cut.  In  a  wide  cut 
three  or  four  bulldozers  can  sometimes  be  operated 
without  interference,  and  even  more  if  the  haul  is  in 
both  directions.  If  the  material  becomes  too  hard  for 
easy  loading,  a  heavy  scarifier  or  rooter  drawn  by  a 
powerful  tractor  may  be  used  to  loosen  it.  [f  the 
ground  becomes  still  harder,  blasting  should  be  re- 
sorted to.  The  harder  rocks  and  shale,  however,  can 
seldom  be  reduced  sufficiently  to  make  the  use  of  the 
bulldozer  profitable.  When  rock  or  ground  of  this 
nature  is  reached  further  work  is  left  to  the  power  shovel. 

The  steeper  the  grade  the  larger-  the  load  which  can 
be  carried  to  the  (ill  and  the  longer'  the  haul  on  which 
the  bulldozer  can  be  used  profitably.  The  only  limit 
to  the  grade  is  the  ability  of  the  t  ractor  to  climb  on  the 
return.  A  large  crawler  tractor  in  good  condition  and 
('(pupped  with  a  ID-foot  standard  bulldozer  has  been 
observed  to  climb  a  grade  as  steep  as  .~>o  percent. 

Field  observations  indicate  that  the  average  load 
which  can  be  carried  from  cut  to  lill  under-  ordinary 
field  conditions  varies  with  the  length  and  shape  of  the 
blade,  the  grade  along  which  the  load  is  moved,  and  the 
character  of  the  material.  The  observations  are  con- 
firmed to  some  extent  by  the  data  of  table  1.  During 
recent  studies  of  the  use  of  four  bulldozers  in  moving 
considerable  yardages  it  was  found  I  ha  r  loads  frequently 
fluctuated  as  much  as  Kill  percent.  For  a  certain  bull- 
dozer 'he  smallest  loads  would  be  about  2  cubic  yards, 
and  the  largest  loads  would  be  about  4  cubic  yards, 

Recent  improvements  in  control  which  permit  inde- 
pendent vertical  movement  of  either  end  of  the  bull- 
dozer and  also  lateral  movement  have  considerably 
improved  the  utility.  It  is  easier  to  keep  the  entire 
cut  in  proper  condition  for  easy  operation,  and  to  shape 
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A,  Scraper  Without  Front  Closure  in  Loading  Position.  Load  is  Dumped  by  use  of  Cable  Which  Pulls  Back  Plate 
Forward.  B,  Scraper  with  Full  Load  and  Pushing  Earth  Before  It.  C,  Scraper  Arrivino  at  Dump  with  a  Full 
Load.     D,  A  Type  of  Scraper  which  Dumps  by  Overturning  on  Front  Shoes. 

Table  1. — Opt  ration  characteristics  of  tractor-powered  bulldozers 


Numberof  trips  timed .__ 

Cubic  yards  placed  in  fill         

Production  rate cubic  yards  per  hour 

Pay  yardage  per  load ..  cubic  yards 

Loading  distance feet 

Loading  speed feet  per  second 

Haul  distance. feet. 

Hauling  speed   ..                           . feet  per  second 
Return  distance.  .  feet 

Return  speed   .                              -feet  pel    econd 
Average  grade  percent 

operating  cycle 

Load  seconds 

Reverse  or  turn  at  dump.  .   do.. 

Turn  or  shift  at  cut ..  .do.. 

Minor  time  losses,  percentage  of  working  time.. 

Size  of  blade...  "_ feel 

Rated  horsepower  of  tractor 


Bulldozer  no. 


3,73! 

11,741 

68.4 

3.  15 

3C.0 

2.4 

168 

3.7 

200 

2.3 

-26 


12.6 
1.9 
2.0 
12.6 
4  hv  10 
65 


511 

1 .  655 

57.  (I 

3.24 

40.  (I 

2.4 

216 

3.2 

260 

-17 


16.  f. 
2.0 
2.4 
14.5 
3by  li  5 
65 


800 
1,822 

35.  2 

2.  28 
28.  (I 
1.  4 
309 
3.  2 
340 
4.7 
-11 


560 
.  352 
It  1 
2.41 
39.  0 

232 

3  1 
275 
2.5 
-20 


20.6 

2.6 

2.8 

18.0 

4  by  in 

60 


14.3 
'J.  5 
2.4 
16.  2 
l  by  1C 
60 


the   slopes   at   the   proper   angle.     These    features   are 
particularly  valuable  in  sidehill  work. 

LARGE  TRACTOR. DRAWN  SCRAPERS  STUDIED 

Large  tractor-drawn  scrapers  have  been  studied  on  a 
few  grading  jobs  having  large  quantities  of  short-haul 
common  excavation.  These  scrapers  ranged  in  rated 
capacity  from  3  to  8  cubic  yards  of  loose  material  and 
were  of  six  different  makes.  This  number  of  different 
makes  indicates  that  this  type  of  equipment  is  far  from 
standardized.  However,  those  observed  may  he  divided 
into  two  distinct  classes:  Those  which  carry  the  load 
pan  or  scoop  clear  of  the  road,  and  those  which  drag 
the  load  pan  or  cutting  blade  so  as  to  transport  a  part 


Material    Loosened    by    Scarifying    and    Moved    with    a 
Bulldozer. 

or  all  of  the  load  by  pushing  it  ahead  of  the  pan  or 
cutting  blade. 

Some  of  those  which  lift  the  pan  have  definite  provi- 
sions for  preventing  or  reducing  spillage  while  the  load 
is  being  hauled  to  the  dump.  These  provisions  vary 
from  substantial  self-closing  gates  to  simply  tilting  the 
load  pan  to  such  an  angle  that  the  tendency  for  the 
material  to  spill  out  is  greatly  reduced.  In  the  other 
class,  the  pan  is  raised  very  little  for  the  haul  and 
spillage  is  prevented  or  at  least  neutralized  by  accumu- 
lating and  dragging  material  in  front  of  the  pan. 
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Loading  A  Large  Scraper. 
Table  2. — Operating  characteristics  of  large  scrapers 


I;  ii.n1  capacity .cubic  yards. 

Condition  of  equipment 

Number  of  round  trips  timed 

Loading  distance feet . 

Loading  speed feet  per  second- 
Hauling  distance feet 

Hauling  speed feet  per  second. 

Return  distance feet  - 

Return  speed feet  per  second- 
Dumping  time. seconds  _ 

Turning  time do 

Size  of  load  carried  to  dump,  percentage  of  appar- 
ent full  load 

Average  pay  yardage  in  percentage  of  rated  load 
capacity _ 


Scrapei  no. 


3 
Good 

212 
75 
2.3 
180 
2.9 
254 
3.2 
10.4 
18.0 

95.0 

57.0 


G 
V^ry 
good 
209 
116 
1.8 
327 
3.5 
405 
3.8 


22.0 
75.0 
45.0 


\  ei  j 

good 

132 

114 
2.0 
'."ID 
2.8 
449 
3.8 


20.0 
50.0 
35.0 


J 

! 

I  15 

HO 
2.  1 
Jill 
3.0 
280 
3.7 


24. 1) 

0 

54.0 


Scrapei  no 


Rated  capacity. cubic  yard 

Condition  of  equipment 


Number  of  round  trips  timed 

Loading  distance. feet.. 

Loading  speed feet  per  second.. 

Haulingdistance feet. 

Hauling  speed ...feet  per  second.. 

Return  distance feet   . 

Return  speed feet  per  second.. 

Dumping  time seconds 

Turning  time do 

Size  of  load  carried  to  dump,  percentage  of  appar- 
ent full  load  

Average  pay  yardage  in  percentage  of  rated  load 
capacity 


5 

Very 

good 

54 

86 

2.0 

372 

3.2 

450 

3.8 

46.0 

27.0 

61.0 

37.0 


4 
Fair 

56 

92 

1.8 

1,400 

3.0 

1,450 

4.7 

34.0 

22.0 

75.0 

45.0 


4 
Good 

3,200 
100 
2.0 
3011 
2.5 
400 
5.5 
11.0 
20.0 

90.0 

53.0 


5 
Fair 

963 

38 
2.3 

237 
3.3 

2.7 

10.  4 


Adjusting  the  pan  so  as  to  drag  material  produced  a 
considerable  effect  on  the  hauling  speed.     When    (lie 


speed.      Wh 
scraper  was  hauled   with   the   load   pan   clear 


End-Gate  Type  of  Scraper  in  Haulinc;  Position,  Showini 
Gate  Closed  and  Body  Clear  ok  Ground  in  Haulini 
Position. 


\tkriai.    for    Easy    Loadini 
Bulldozers. 


I)V    S<  If  \  PERS     OR 


ground  the  hauling  speed  was  generally  30  to  50  per- 
cent higher  than  when  the  pan  dragged  sufficiently  t<> 
retain  a  full  load.  The  effect  of  reduced  speed,  how- 
ever, seemed  fully  compensated  by  the  increased  load. 
With  the  pan  hoisted  entirely  clear  of  the  roadway,  the 
loss  from  spillage  on  steep  or  rough  down  grades  was 
as  much  as  one  half  of  the  original  load  when  the  soil 
was  dry  and  noncohesive.  Considerable  difficult) 
was  sometimes  experienced  in  dumping  the  gate  type 
of  scraper  when  working  in  sticky  or  plastic  materials. 
Results  of  observations  on  four  jobs  using  six  differ- 
ent types  of  scrapers  are  shown  in  table  2.  Scrapers 
1,  2,  3,  4,  and  5  were  all  on  one  job  .and  operated  under 
fairly  similar  conditions.  Job  7  was  observed  only  in 
the  winter  when  the  materials  were  wet,  sticky,  and 
difficult  to  handle.  Scrapers  and  1  and  7  and  5  and  6 
were  of  the  same  make  and  type  hut  were  observed  on 
different  jobs  and   under  different   conditions. 
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PUBLICATIONS  of  the  BUREAU  OF  PUBLIC  ROADS 


Any  of  the  following  publications  may  be  purchased  from 
he  Superintendent  of  Documents,  Government  Printing  Office, 
Vashington,  D.C.  As  his  office  is  not  connected  with  the 
)epartment  and  as  the  Department  does  not  sell  publications, 
•lease  send  no  remittance  to  the  United  States  Department  of 
Agriculture. 

ANNUAL  REPORTS 

Report  of  the  Chief  of  the  Bureau  of  Public   Roads,    1924. 

5  cents, 
leport  of  the  Chief  of  the  Bureau  of  Public  Roads,    1927. 

5  cents. 
Report  of  the  Chief  of   the  Bureau  of  Public   Roads,    1928. 

5  cents, 
leport  of  the  Chief  of  the  Bureau  of  Public  Roads,    1929. 

10  cents, 
leport  of  the  Chief  of  the  Bureau  of  Public  Roads,    1931. 

10  cents. 
Report  of  the  Chief  of  the  Bureau  of  Public  Roads,    1932. 

10  cents. 

DEPARTMENT  BULLETINS 

■Jo.     136D  .  .  Highway  Bonds.     20  cents. 

io.  347D  .  .  Methods  for  the  Determination  of  the  Physical 
Properties  of  Road-Building  Rock.     10  cents. 

4o.  532D  .  .  The  Expansion  and  Contraction  of  Concrete 
and  Concrete  Roads.     10  cents. 

Jo.  583D  .  .  Reports  on  Experimental  Convict  Road  Camp, 
Fulton  County,  Ga.     25  cents. 

4o.    660D  .  .  Highway  Cost  Keeping.     10  cents. 

4o.  I279D  .  .  Rural  Highway  Mileage,  Income,  and  Expendi- 
tures, 1921  and  1922.     15  cents. 

TECHNICAL  BULLETINS 

lo.      55T  .   .  Highway  Bridge  Surveys.     20  cents. 

Jo.  265T  .  .  Electrical  Equipment  on  Movable  Bridges. 
35  cents. 

MISCELLANEOUS  CIRCULARS 

\o.  62MC  .  .  Standards  Governing  Plans,  Specifications, 
Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects.     5  cents. 

o.  93MC  .  .  Direct  Production  Costs  of  Broken  Stone. 
25  cents. 


MISCELLANEOUS  PUBLICATION 

No.   76MP  .  .  The  results  of  Physical  Tests  of  Road-Build- 
ing Rock.     25  cents. 

No. .  .  Federal  Legislation  and  Regulations  Relating 

to  Highway  Construction.     10  cents. 


REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies.     40  cents. 


Single  copies  of  the  following  publications  may  be  obtained 
from  the  Bureau  of  Public  Roads  upon  request.  They  cannot 
be  purchased  from  the  Superintendent  of  Documents. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  1036Y  .  .  Road  Work  on  Farm  Outlets  Needs  Skill  and 
Right  Equipment. 

TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
System  of  Ohio  (1927). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Vermont  (1927). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  New  Hampshire  (1927). 

Report  of  a  Plan  of  Highway  Improvement  in  the  Regional 
Area  of  Cleveland,  Ohio  (1928). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Pennsylvania  (1928). 

Report  of  a  Survey  of  Traffic  on   the  Federal-Aid  Highway 
Systems  of  Eleven  Western  States  (1930). 


A  complete  list  of  the  publications  of  the  Bureau  of  Public 
Roads,  classified  according  to  subject  and  including  the  more 
important  articles  in  PUBLIC  ROADS,  may  be  obtained  upon 
request  addressed  to  the  U.S.  Bureau  of  Public  Roads,  Willard 
Building,  Washington,  D.C. 
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A    STUDY    OF   SOME    LIQUID    ASPHALTIC 
MATERIALS  OF  THE  SLOW-CURING  TYPE 


BY  THE  DIVISION  OF  TESTS.  BUREAU  OF  PUBLIC  ROADS 

Reported  by  R.  H.  LEWIS,  Associate  Chemist,  and  W.  OB.  HILLMAN,  Junior  Highway  Engineer 


THERE  has  been  considerable  progress  in  (lie  sim- 
plification of  tests  and  specifications  for  liquid 
asphaltic  road  materials,  but  there  is  still  consider- 
able difference  of  opinion  as  to  the  laboratory  tests 
most  highly  indicative  of  the  probable  road  or  service 
behavior  of  liquid  materials  of  the  so-called  slow-curing 
type. 

PRESENT    TESTS    UNSATISFACTORY    AS    A    BASIS   FOR    PREDICTING 
SERVICE  BEHAVIOR  OF  SLOW-CURING  MATERIALS 

Unlike  materials  of  the  medium-curing  and  rapid- 
curing  types,  which  are  generally  combinations  of  re- 
fined asphalts  and  more  or  less  volatile  solvents,  and 
which  in  the  laboratory  tests  readily  lose  these  solvents, 
leaving  residues  possessing  essentially  the  character- 
istics of  the  base  asphalts,  materials  of  the  slow-curing 
type  are  of  variable  composition.  They  may  be  crude 
or  reduced  petroleums  from  various  fields,  blends  of 
topped  and  residual  petroleums  with  cracking  coil  resi- 
dues, cracking  coil  residues  of  satisfactory  fluidity,  and 
blends  of  various  residuals  of  widely  different  consist- 
encies with  more  or  less  nonvolatile  distillates. 

It  is  still  an  open  question  as  to  what  tests  and  specifi- 
cations will  adequately  control  and  describe  the  most 
essential  qualities  of  this  type  of  liquid  asphaltic  road 
material.  Many  of  those  engaged  in  the  testing  and 
use  of  these  products  favor  such  tests  as  those  lor  speci- 
fic gravity,  solubility  in  naphtha,  fixed  carbon,  asphal- 
tic residue  and  other  tests  less  generally  known.  ( )thers 
consider  that  only  the  original  consistency  and  an  accel- 
erated evaporation  test,  with  a  purity  and  consistency 
test  on  the  residue,  are  essentially  important  in  judging 
or  anticipating  the  road  making  qualities  of  a  particular 
fluid  product.  An  accelerated  evaporation  test  is 
assumed  to  indicate  in  a  relatively  short  time  the  amount 
of  volatile  matter  lost  in  a  long  period  of  service  and 
the  probable  consistency  of  the  resulting  residue.  The 
accelerated  evaporation  tests  most  commonly  used  are 
the  distillation  tests,  and  the  volatilization  test  or  loss 
on  heating  at  325°  F.  for  5  hours. 

Slow-curing  materials,  when  subjected  to  either  of 
these  accelerated  evaporation  tests,  yield  residues 
which  are  fluid  and  not  adapted  to  the  usual  tests  for 
semisolid  asphalts  as  are  the  residues  from  rapid-curing 
and  medium-curing  products.  In  order  to  determine 
the  amount  of  semisolid  asphalt  which  a  given  liquid 
asphaltic  material  may  ultimately  produce,  and  in 
many  cases  to  ascertain  the  physical  and  chemical 
characteristics  of  this  residue  by  tests  usually  made  on 
semisolid  asphalts,  the  test  lor  residue  of  100  penetra- 
tion ha-  been  used  by  some  testing  engineer-. 

Slow-curing  materials  are  used  extensively  as  dust 
palliatives,  in  penetrative  treatments  such  a-  oiling 
earth  roads,  in  the  so-called  blotter  treatments  and  in 
the  oil-processed  roads  of  the  West.  In  these  types  of 
surface,  the  bituminous  material  is  not  directly  exposed 
to  the  action  of  sun  and  air  in  any  appreciable  thickness, 
and  for  this  reason  it  is  held  by  some  that  if  tic 
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asphaltic  material,  when  subjected  to  cither  the  vola- 
tilization test  or  the  distillation  test,  yields  a  fluid 
residue,  then  the  material  in  the  mad  will  probably 
remain  fluid.  Others  believe  that  the  bituminous  ma- 
terial does  eventually  become  semisolid  and  that  the 
characteristics  of  the  residue  of  100  penetration  are 
not  only  typical  of  the  asphaltic  residue  which  ulti- 
mately forms  the  bituminous  binder  in  the  road  surface 
but  are  also  indicative  of  the  serviceability  of  the  orio-i- 
nal  material  as  a  road  binder. 

SlowT-curing  materials  are  altered  in  service  by  the 
loss  of  volatile  matter  and  also  by  other  factors.  The 
residues  obtained  in  the  various  laboratory  evaporation 
tests  may  or  may  not  be  typical  of  service  residues. 
Two  slow-curing  materials  having  identical  test  values, 
which  initially  function  satisfactorily  as  dust  palliatives, 
may  show  great  differences  in  length  of  efficient  service. 
Two  products  used  in  oil  processed  construction  may 
develop  smooth  well  bonded  surfaces  when  first  com- 
pacted, yet  one  may  produce  a  road  which  can  he  suc- 
cessfully reprocessed  after  a  long  period  and  the  other 
may  produce  a  surface  which  rapidly  hardens  and 
ravels,  requiring  the  use  of  additional  oil  during  reproc- 
essing. Many  engineers,  therefore,  have  developed 
tests  and  specifications  which  they  hope  will  insure 
the  purchase  of  liquid  asphaltic.  materials  from  a  par- 
ticular field  or  process  of  manufacture  which  rendered 
adequate  and  economical  service.  These  same  lests 
and  specifications  may  not  guard  against  improper 
materials  when  the  purchaser  is  dependent  on  products 
from  another  field  or  different  process  of  manufacture. 

Practically  all  specifications  for  slow-curing  liquid 
asphaltic  materials  require  some  sort  of  accelerated 
evaporation  test.  The  question  therefore  arises  as  to 
whether  the  accelerated  laboratory  evaporation  test- 
do  indicate  the  probable  road  behavior,  hike  most 
materials,  whether  organic  or  inorganic,  bituminous 
materials  suffer  change  and  in  many  case.-  complete 
disintegration  on  exposure  to  the  element-.  Liquid 
asphalts  of  the  kind  considered,  used  to  form  a  thin 
coat  on  mineral  aggregate  in  the  exposed  surface  of  the 
road,  no  doubt  undergo  more  severe  change-  on  exposure 
than  do  the  more  carefully  refined  and  more  viscous 
asphaltic  materials.  It  seems  desirable  that  changes 
in  physical  and  chemical  characteristics  which  occur 
when  slow-curing  products  are  exposed  to  sunlight, 
heat,  and  air  be  studied  and  compared  wit  h  1  he  changes 
produced  in  the  various  laboratory  tests 

SLOW-CURING     MATERIALS    SUBJECTED    TO    LABORATORY      ll-i- 
\M>  EXPOSURE  TO  SI  \ 

With  this  end  in  view,  '-'2  samples  of  liquid  asphaltic 
products  of  the  slow-curing  type  were  selected  and 
given  a  complete  laboratory  examination,  consisting 
of  all  tests  generally  used  in  the  control  of  materials  of 
this  kind.  Samples  were  then  exposed  in  films  one- 
eighth  inch  thick  to  the  action  of  air,  light,  and  solar 
heal   during  the  summer  months  of   1932.      The  ]o—  of 
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volatile  matter  was  determined  and  the  residues, 
together  with  the  residues  from  the  laboratory  evapora- 
tion tests,  were  subjected  to  determinations  which  would 
indicate  the  extent  of  the  physical  and  chemical 
changes  occurring  under  both  conditions. 

In  order  to  determine,  the  binding  value  of  the  original 
materials  and  the  residues  obtained  from  various 
laboratory  tests  Hubbard-Field  stability  cylinders  were 
prepared  with  a  standard  sand  and  the  resulting 
cylinders  tested  for  stability.  Cylinders  prepared  with 
the  original  materials  were  also  exposed  to  oven  heat  at 
140°  F.  and  to  the  same  exposure  conditions  as  the 
thin  films.  At  stated  intervals  the  loss  of  volatile 
matter  and  the  stability  were  determined. 

The  samples  selected  for  this  study,  with  few  excep- 
tions, represent  materials  which  will  meet  one  of  the 
provisional  specifications  for  slow-curing  liquid  products 
recently  developed  cooperatively  by  the  Bureau  of 
Public  Roads  and  the  Asphalt  Institute.  They  are  the 
products  of  10  refineries  in  the  Far  West  and  Middle 
West  and,  in  most  cases,  will  meet  some  of  the  speci- 
fications of  the  States  dependent  on  these  refineries  for 
asphaltic  materials  for  low-cost  road  construction. 
The  samples  are  identified  in  table  1,  which  shows  the 
State  specifications  which  these  materials  were  designed 
to  meet  and  thr  cooperative  specifications  which  they 
will  meet. 

The  laboratory  tests  on  the  original  materials  were 
as  follows: 

Specific  gravity  at  77°  F./77°  F. 

Flash  point,  °  F. 

Savbolt-Furol  viscositv  at  122°  F.  and  140°  F. 

Float  test  at  77°  F. 

Volatilization  at  325°  F.,  20  and  50  grams. 

Residue,  float  at  122°  F. 
Distillation: 
Residue: 

Float  at  122°  F. 

Solubility  in  carbon  tetrachloride. 
Distillate: 

Specific  gravity  at  77°  F./770  F. 
Index  of  refraction  at  77°  F. 
Residue  of  100  penetration: 

Penetration  at  77°  F.  and  32°  F. 
Ductility  at  77°  F.  and  34°-35°  F. 
Softening  point,  °  F. 
Fixed  carbon. 

Solubility  in  86°  B.  naphtha. 
Solubility  in  carbon  tetrachloride. 
Solubility  in  carbon  disulphide  (in  some  instances). 
The  test  for  residue  of  100  penetration  or  asphalt- 
content  test  will  hereafter  be  called,  as  a  matter  of 
convenience,  the  asphaltic  residue  test,  and  the  residue 
therefrom  the  asphaltic  residue. 

Tests  were  made,  unless  otherwise  stated,  in  accord- 
ance with  the  standard  or  tentative  standard  methods 
of  the  American  Society  for  Testing  Materials  or  the 
American  Association  of  State  Highway  Officials  and 
the  serial  designations  of  these  methods  are  given  in 
table  2. 

The  distillation  test  was  made  in  accordance  with 
the  A.S.T.M.  Standard  Method  D  20-30,  with  the 
following  exceptions:  ' 


Table  1. 


1  This  is  substantially  the  method  recommended  by  the  Bureau  of  Public  Roads 
and  the  Asphalt  Institute  in  the  proposed  simplified  scheme  of  analysis,  differing 
only  in  the  amount  of  sample  distilled.  200  cubic  centimeters  at  77°' F.  instead  of 
60°  F.,  and  in  the  receptacle  for  the  residue.  The  400  cubic  centimeter  beaker  was 
used  instead  of  the  8-ounce  tin  because  the  entire  contents  of  the  distillation  flask 
could  not  be  poured  into  the  8-ounce  tin. 


-Designation  of  samples  and  specification  intended 
to  be  met 


Bureau  of 

Public 

Roads 

laboratory 

Identi- 
fica- 
tion 

Pro- 
ducer 

Re- 
finery 

no.— 

35100 

A 

1 

l 

35103 

B 

1 

1 

35364 

C 

1 

2 

35367 

D 

1 

0 

35157 

E 

2 

3 

34263 

F 

2 

4 

34453 

G 

3 

5 

34454 

H 

3 

5 

34322 

I 

4 

6 

34323 

K 

4 

6 

36310 

L 

5 

7 

36303 

M 

5 

7 

36300 

N 

5 

7 

35225 

O 

6 

8 

35226 

P 

6 

8 

35228 

R 

6 

8 

36106 

S 

5 

9 

36089 

T 

5 

9 

360111 

V 

5 

9 

35077 

X 

7 

10 

35080 

Y 

7 

10 

35081 

Z 

7 

10 

Specification  intended  to  lie  met 


Illinois  E-3 

Illinois  E^L__ 

Illinois  E-3 i 

/llinois  E-4 

Northwestern  Conference  No.  2_ 
Middle  Western  States  60-70 


Northwestern  Conference  No.  2... 

Middle  Western  States  70-80 

Middle  Western  States  70-80 

Northwestern  Conference  No.  2... 

Colorado  60-70 _ 

California  and  New  Mexico  70-80. . 
Northwestern  Conference  No.  2.. 

Arizona ___ 

California  and  New  Mexico  70-80. 

Colorado  60-70 _ 

Northwestern  Conference  No.  2___ 
California  and  New  Mexico  70-80. 

Arizona 

Northwestern  Conference  No.  2... 
California  and  Nsw  Mexico  "0-8C 


Meets 
Bureau  of 

Public 
Roads  and 
Asphalt 
Institute 
provtsiona 
specifica- 
tions 


S.C.-2 


S.C.-2 

S.C.-2 


S.C.-2 
S.C.-2 
S.C.-3 
S.C.-2 


S.C  -3 
S.C-2,3 

S.C.-2 
S.C-3,4 


S.C. -2,  3 
S.C.-3 


S.C.-2 
S.C.-3 


Table  2. — Designations  of  test  methods  rised  for  various  tests 


Test, 


Flash  point,  Cleveland  open  cup. 

Specific  gravity 

Furol  v iscosi t y 

Float  test 

Penetration. 

Softening  point,  ring  and  ball 

Ductility 

Loss  at  325°  F 

Residue  of  100  penetration 

Soluble  in  CS2 

Soluble  in  CCb 

Insoluble  in  86°  B.  naphtha. 

Fixed  carbon 


A.S.T.M. 
serial  no. 


D  92-24 
D  70-27 
li  ss  :;n 
D  139-27 
D  5-25 
D  36-26 

D  113-26T 
i  D  6-30 

D  243-28T 
D  4-27 


D  168-30 


A  AS. HO. 

serial  no. 


T-48 
T^3 
T-72 
T-50 
T-49 
T-53 
T-51 
T-47 


T-44 
T-45 
T-46 


1  In  A.S.T.M.  standard  method  of  test  D  6-30  there  is  no  provision  for  making  the 
test  with  a  20  gram  sample. 

1.  The  sample  distilled  was  200  cubic  centimeters  at 
77°  F. 

2.  The  bulb  of  the  thermometer  was  immersed  to  a 
point  one-quarter  inch  above  the  bottom  of  the  flask. 

3.  The  condenser  was  water  cooled. 

4.  The  distillate  was  collected  in  100  cubic  centimeter 
glass  cylinders  and  the  initial  boiling  point  and  the 
percentage  of  distillate  by  volume  at  680°  F.  and  every 
18°  F.  below  680°  F.,  was  recorded.  The  weight  of 
the  total  volume  of  distillate  to  680°  F.  was  also 
recorded. 

5.  The  distillation  was  stopped  at  680°  F.  and  the 
entire  residue  poured  immediately  into  400  cubic 
centimeter  pyrex  beakers  and  cooled  to  room  tempera- 
ture. After  weighing  it  was  then  warmed,  thoroughly 
stirred  and  poured  into  covered  containers  for  further 
tests. 

The  weight  of  the  residue  from  distillation  remaining 
in  the  flask  after  pouring  was  also  determined.  The 
weight  of  the  sample  minus  the  weight  of  the  distillate 
and  residue  is  the  distillation  loss.  The  distillation 
loss  is  relatively  high  because,  when  the  residue  is 
poured  at  the  high  temperature  of  680°  F.  considerable 
volatile  matter  escapes  during  the  pouring  and  cooling 
to  room  temperature.  This  loss  is  reported  as  loss  on 
cooling.  The  percentage  of  distillate  collected  plus 
the  percentage  of  loss  on  cooling  is  the  total  percentage 
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I'mile  3. —  Tests  on  the  original  materials 


Iden- 
tifica- 
tion 


A... 
B... 
C... 
D... 

i 

F... 

G 

II 

I.... 

K... 

M 

N 

0... 

P.., 

R.._ 

S 

V... 
X... 
Y... 
Z... 


Specific 

Flash 

point, 
°  F. 

gravity, 

1 

1.001 

250 

1.013 

255 

0.942 

195 

0.955 

200 

0.976 

295 

I  066 

280 

1.079 

300 

1.  101 

305 

J  082 

300 

1     IISS 

315 

u  972 

255 

0.  967 

215 

0.  981 

270 

0.  972 

320 

0.  967 

260 

0.979 

330 

0.  952 

275 

0.  960 

275 

285 

0.951 

250 

u  963 

255 

0.972 

275 

Visc( 

Float. 

:it 

Furol 

77°  F. 

V1SCOS- 

second 

II  V   III 

122°  F. 

seconds 

9 

94 

20 

205 

2 

68 

9 

199 

36 

294 

20 

94 

8 

68 

65 

297 

75 

320 

100 

478 

24 

274 

7 

151 

48 

677 

25 

300 

12 

201 

71 

735 

35 

178 

46 

300 

52 

458 

8 

111 

21 

281 

53 

613 

Volatilization,  5  hours  ai 


."■ii  grams 


Furol 

\      CO 
ity  at 
140°  F. 
econd 


53 

no 

47 
106 
152 

48 

36 
123 

137 
188 
134 

80 
295 
148 
104 
333 

94 
149 
220 

63 
142 


Loss, 

percent 

by 

weight 

8  1 

8  8 

15.7 

10.7 

5.0 

7    1 

4.6 

1.9 

4.0 

8.0 

11.4 

5.8 

4.7 

10.2 

3.  8 

6.  7 

6.0 

5.2 

11.6 

9.5 

7.0 

Flout 
of  resi- 
due at 
122°  F. 
seconds 


Loss, 

percent 

bj 

H  ,'  I  g  1  I  I 


12.5 

11   1 

22.  1 

15.6 

6.0 

7.8 

11.6 

li  8 

7.9 

li.  2 

11.5 

16  1 

8  3 

6.  9 

I  I  ii 

5.  7 

9.7 

8.  3 

7.3 

17.0 

14.1) 

10.2 


Float 
of  resi- 
due ai 

seconds 


35 

I  12 
12 
55 
:in 
27 
28 
60 
79 
82 
43 
54 
63 
28 
51 
50 
35 
52 
50 
in 
60 
80 


matter 
in  solu- 
ble in 
CSa 
percent 


0.  19 

II   17 


0.07 
0.  19 

n  58 
ii  08 
0.09 


i  irganic 
matter 
insolu- 
ble HI 

i  -('I, 
percent 


0.83 

2.  17 
0  08 
0.  11 
0.07 
0.  50 
1.58 
2.  03 
2.  88 
2.  S3 
0.04 
0.07 
0.07 
0.  13 
0.  09 
li.  06 
0.07 
ii  08 
ii  05 
0.  06 
0.08 
0.  12 


Organic 
mattei 
insolu- 
ble in 
86  "». 
naph- 
tha, 

percent 


11.0 

16.  1 
ii  s 
4.6 
10.2 
16.0 
19.  li 
22.  7 
25.  8 
25.  1 
5.7 
6.0 
5.  li 
7.  li 
5.7 
9.  2 
8.6 
7  5 
7.5 
6.5 
8.7 
9.  3 


Fixed 
car- 
bon, 
per- 
cent 


Asphaltic  residue 


Per- 
cent 


8  i, 
11.3 
ii  1 
6.0 
7.7 
8.  I 
10.3 
12.5 
14.0 

1 1  i; 

4.4 
5.4 
5.0 
4.9 
5.6 
6.3 
5.7 
5.7 
5.7 
6.0 
6.6 
7.3 


65  o 
71.9 
66,  5 

75.  1 

66  5 
64  ii 
63.  9 

75  I 
75,  'J 

78.  l 

65.  I 

70.  2 
1.5  2 
67.9 
71.2 

lit  s 
118.  9 
71.7 
65.  li 

71.  1 
76.4 


Time 

ol  re 
due 

lion, 
min- 
utes 


55 
34 
330 

120 

2211 
65 
30 
.'(II 
30 
25 
lis 
79 
78 

1117 
71 
84 
93 

103 
85 
35 
25 
35 


i' ration 


,,     i 

r 

onds, 

100 
grams 


S7 
81 
'15 
88 
llll 

mi 

82 

92 

92 

1011 

93 

112 

105 

101 

107 

102 

lllii 

102 

99 

104 

85 

86 


32"  F  , 

Ml       r, 

onds, 

2DII 

grams 


Soil  en 

ing 

point, 

i 


113 

II  I 
lis 
1211 
114 
ins 
1(19 
109 
11)9 
HIS 
111 
111) 
1119 
113 
III) 
113 
113 
114 
113 
115 

in; 

115 


Ductility,  cm 


77°  F., 
5  centi- 
meters 

[in 
minute 


110+ 
110+ 

110+ 

110+ 
110+ 

I  III . 

110+ 
1 10+ 
110+ 
110+ 
110+ 

111)4 

110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
111)+ 

110+ 


"  F  .  5 

cent  i- 

meters 

per 

minute 


0 
0 

I  8 
I  8 

6.0 

() 

0 

0 

I) 

II 

0 

(I 

0 

5  S 
1.0 

5.5 

- 

II.  7 

(I 
0 

0 


Identifi- 
cation 


A. 
B. 

I' 
Ii 
I''. 
V. 

li 

I 

K 

I. 

tvi 

V 

I 
p. 

H 
■-. 
I'. 

. 


I  Mstillation 


Initial 

boiling 

point, 

°F. 


543 
536 
482 
482 
590 
559 
586 
635 
599 
619 
5  15 
518 
546 
621 
518 
620 
567 
576 
600 
543 
500 
564 


Cota]  percent  off  by  volume  at 


500°  F. 


3.5 
1.0 


518    f 


8.  5 
2.5 


536°  F, 


12.0 

5.  5 


554°  F. 


572°  F. 


15  il 
8.5 


1.0 


2.0 
1.0 


Id 

I    5 

17.5 

10.5 


111 
5.0 


3.0 


6.5 
2.0 


590°  F 


608°  F, 


3.0 

5.  I) 
2  i  ii 
12,  5 


2.1) 
7  5 
(I  5 


6.0 

"O.  5 


11.5 
5.0 
0.5 


li.  5 
S.  5 
22,  li 
11.(1 


1.0 
10.0 

1.1) 


9.0 


1,5 
1.0 


15  5 
9  II 
2.5 


6  16    I 


9.  5 
IIS 
23.  5 

15  5 
().  5 
1.0 

l,   5 


(I  5 


i,  5 
12  5 
1.5 


12  ii 


3,  8 

1.0 
19.0 

12  5 

li   11 


044°  F, 


12.5 
14.5 
25.0 
Hi.  s 
1.5 
3.0 
12.0 


I    5 


9.0 

II  5 
3.  5 
1.5 

14,  5 
1.(1 
6.5 
5  (I 
2.5 

22  0 

15  5 
9  0 


662    F. 


15  5 

17.0 

21 

17.5 
2  8 
(i.  I) 

16.0 
I  j 
4.(1 
2.0 

11.0 

Hi.  5 
5.0 
4.5 

17  (I 
2.(1 
9.5 
7.5 

5    II 

24.5 

is  II 
11.5 


680°  F. 


19.  3 

20.  0 
28.0 

19.  3 
5.3 

10.  3 
21  s 
10.  5 
s  3 
i;  n 
14.0 
['.I  5 
8.3 
S,  S 
21).  II 
5  s 
13.  3 
10.  s 
8.0 

27   S 
21.5 

1  4   5 


Total 
distill- 
ate bj 

weight 
percent 


17.0 
16.3 

24.  I 

Hi.  5 
4.8 

9.  0 

19.  7 
li  3 
7.  0 
5,  1 

12  9 

17.3 
7.4 
7.!) 

is  II 
5.  5 

11.8 

9.4 

7  2 

21    2 

Is  s 
12.2 


Loss  on 
cooling, 
percent 

by 
weight 


Residue 


4.  1 
4.3 
1.6 
1.2 
4.3 
3.0 
2.8 
3.  (I 
2  9 
3.4 
2.7 
2  s 
3.  I 
3.7 
3.4 
3.  9 

I  :i 

1.  5 

1  li 

3.  5 

I  I 

I  II 


Float  al 
122°   F 
ei  ond 


57 
111) 

.V.I 

lid 

31 
34 
62 

75 

57 

73 
51 
Hi, 
62 
.'ill 
82 
50 
16 
5(1 
59 
mi 

122 
123 


Organic 
matter 
insolu- 
ble in 
CS2l 
percent 


n  j  i 
0.38 


(I  2(1 
il,  29 
n    19 

(Ids 
0.  17 


i  1 1  g :  1 1 1 1 1  ■ 

matter 
insolu- 
ble in 

('('],, 

lie)  cell  I 


Distillate 


0.  17 

1  83 

o.  (IS 
(I.  (19 

0.08 

l.iii, 

2  SI 

3.  02 
1.51 

4,  40 

M     III 

ii  05 
().  ill 
0.06 

(IDS 
(I.  II 
II,  13 
(I  119 
0.  13 
II.  15 
(I.  1!) 
II    I  I 


Specific 

gravity 

nt 
77"  F. 


1 1  876 
n  853 
0.823 
0.821 

11  sts 
(I.  !«'.! 
(I.  974 
n  'is,; 
0.  937 
II  'ill 
ii  875 
i).  sill 
0,  876 
(I.  883 
ii  864 
0.  S73 
0.849 
n  849 
ii  850 
ll  sll 
0.841 
o  838 


Index  of 
refrac- 
tion ,ii 

77"  F. 


I  1889 
I  1711 
I.  1511 
I     1520 

I  1680 
1.5430 

I  51111 
1.4771 
I  1719 
I  1768 
I  1852 
1.4732 
1.4793 
1.4676 
1  1 1  in:, 
I.  1675 
1    1642 

I     li,  2(, 


•f  loss  by  weight  in  the  distillation  test,  and  permits  a 
>etter  comparison  of  the  distillation  residue  with 
esidues  from  other  tests.  The  specific  gravity  of  the 
istillate  collected  was  determined  by  the  pyenometer 
tiethod.  The  index  of  refraction  at  77°  F.  was  deter- 
mined by  means  of  a  Zeiss  refractometer.  The  results 
f  the  laboratory  tests  are  given  in  table  :!  and  when 
ossible  are  shown  graphically. 

The  correlation  of  test  data  on  asphaltic  material  in 
eneral,  and  liquid  asphaltic  products  of  the  slow- 
uring  type  in  particular,  is  made  rather  difficult 
ecause  of  the  great  variety  of  petroleums  and  processes 
sed  in  their  manufacture.  A  careful  analysis  of  the 
lata  will  be  of  interest,  especially  to  those  who  tire  not 
uniliar  with  products  from  widely  different  sources, 


MATERIALS  OF  HIGH  SPECIFIC  GRAVITY  SHOW  SPECIAL 
CHARACTERISTICS 

In  general  the  test  results  show  thai  the  Hash  point, 
consistency,  percentage  of  matter  insoluble  in  naphtha, 
percentage  of  fixed  carbon  .and  percentage  of  asphaltic 
residue  of  products  from  the  same  refinery  vary  directl} 
as  the  specific  gravity,  and  the  amount  of  volatile 
matter  varies  inversely  as  the  specific  gravity.  How- 
ever, these  relations  are  by  no  means  true  for  the 
products  as  .a  whole.  There  are  certain  characteristics 
which  products  from  different  refineries  have  in 
common. 

Seven  of  these  materials,  representing  products  from 
tour  different  refineries,  have  similar  characteristics 
All  have  specific  gravities  greater  than   L.000;  samples 
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A  and  B  are  only  slightly  greater,  and  samples  F,  (1,  H, 
1,  and  K  considerably  greater.  All  of  these  materials 
have  greater  percentages  of  matter  insoluble  in  naphtha 
and  greater  percentages  of  fixed  carbon  than  the  low- 
gravity  products.  They  are  the  only  materials  having 
an  appreciable  amount  of  matter  soluble  in  carbon 
disulphide  but  insoluble  in  carbon  tetrachloride  (car- 
benes).  Their  distillates  from  the  distillation  test  have 
high  specific  gravities  and  high  indexes  of  refraction. 
Their  asphaltic  residues,  except  those  of  samples  A  and 
B,  have  the  lowest  penetrations  at  32°  F.,  indicating  a 
high  susceptibility  to  alteration  with  temperature 
change  and,  when  tested  for  ductility  at  34-35°  F.,  are 
brittle  and  nonductile.  Lack  of  ductility  at  low  temper- 
atures is  not,  however,  a  property  solely  of  the  asphaltic 
residues  of  the  high-gravity  materials  since  the  residues 
of  some  of  the  low-gravity  materials  are  also  non-ductile 
at  34-35°  F.  These  high-gravity  materials  are  so  uni- 
formly different  from  the  other  materials  included  in  the 
series  that  they  are  readily  identified  on  most  of  the 
graphs  as  a  group. 

The  results  of  the  consistency  tests  on  the  original 
materials  plotted  in  figure  1,  show  that  the  high- 
gravity  materials,  except  A  and  B,  have  lower  Furol 
viscosity  values  at  140°  F.  and  higher  float-test  values 
at  77°  F.  than  the  low-gravity  materials  of  the  same 
Furol  viscosity  at  122°  F.  It  is  apparent  that  the 
consistencies  of  these  high-gravity  materials  are  more 
affected  by  changes  in  temperature  than  are  the  consist- 
encies of  the  low-gravity  materials. 

RESULTS  OF  LABORATORY  HEAT  TESTS  DISCUSSED 

Since  either  20-  or  50-gram  samples  in  tins  of  standard 
size  are  used  in  the  volatilization  test,  or,  as  it  is  some- 
times called,  the  oven  test,  the  materials  under  investi- 
gation were  tested  by  both  methods.  Figure  2  shows 
the  percentage  of  loss  of  20-gram  and  50-gram  samples 
heated  for  5  hours  at  325°  F.  and  the  results  of  the  floal 
test  on  the  residue  at  122°  F.  While  the  percentage  of 
loss  and  the  float  test  results  on  the  residues  are  always 
higher  for  the  20-gram  samples,  there  is  almost  a  straight 
line  relation  between  the  percentages  of  loss  and  very 
little  relation  between  the  float-test  results  on  the 
residues. 

The  results  of  distillation  tests  are  compared  with 
those  from  oven  tests  in  figure  3.  In  the  routine  per- 
formance of  the  distillation  test  the  percentage  of  dis- 
tillate by  volume  is  determined  and  the  volatile  matter 
lost  in  pouring  the  residue  is  not  considered.  A  con- 
sistency test  on  the  residue  obtained  by  this  method 
does  not  represent  the  consistency  of  the  original  ma- 
terial less  die  volume  distilled.  Since  the  weight  of 
distillate  lost  on  cooling  was  determined,  a  comparison 
can  be  made  of  the  percentage  of  loss  in  (he  volatiliza- 
tion test  with  the  percentage  of  distillate  by  volume 
and  with  the  percentage  of  total  loss  in  the  distillation 
lest  by  weight,  as  well  as  a  comparison  of  the  consist- 
encies of  the  two  residues. 

In  figure  3-A,  the  percentage  of  distillate  by  volume 
is  compared  with  the  percentage  of  loss  by  weight  at 
325°  F.  for  20-gram  samples.  The  percentage  of  dis- 
tillate is  usually  the  greater.  Since  the  distillates  are 
of  different  densities  and  since  the  total  percentage  off 
at  080°  F.  does  not  include  the  loss  on  cooling,  which  is 
variable,  these  percentages  of  volatile  matter,  one  by 
weight  and  the  other  by  volume,  are  not  strictly  com- 
parable.     Therefore,    figure    3-B    which    compares    the 
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Figure     2. — Comparison     of     Results     of     Volatilization 
Tests  on  20-Gram  and  50-Gram  .Samples  and   Results  of 
Float  Tests  on  Residues. 

total  percentage  of  loss  by  weight  in  the  distillation  test 
with  the  percentage  of  loss  by  weight  in  the  20-gram  vol- 
atilization test  gives  a  truer  picture  of  the  relationship 
between  the  two  tests  and  shows  that  a  greater  loss  of 
volatile  matter  occurs  in  the  distillation  test.     This  is 
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Figure  3. 


-<  Comparison  of  the  Percentages  of  Loss  and  the  Consistencies  of  the  Residues  from  the  20-Gram 
Volatilization  Test  and  the  Distillation  Test. 


attributed  chiefly  to  the  high  temperature  to  which  the 
distillation  test  is  run  and  the  disturbance  of  the  residue 
in  pouring.  Figure  3-C  shows  that  in  a  few  cases  the 
volatilization  residue  has  the  higher  float-test  value, 
although  in  general  the  distillation  residue  is  harder. 

The  distillation  curves  of  these  sample-,  shown  in 
figure  4,  clearly  demonstrate  that  they  are  composed 
essentially  of  high  boiling  constituents,  only  samples  C 
and  D  having  distillate  boiling  under  500°  F.  All  of 
the  curves  except  those  for  samples  C  and  D  are  of  the 
same  trend,  showing  a  steady  rise  from  the  initial  boil- 
ing point  to  the  end  point  of  680°  F.  The  curves  for 
samples  C  and  D,  however,  begin  to  flatten  out  at  the 
higher  temperatures,  indicating  comparatively  less  ma- 
terial boiling  immediately  above  680°  F.  The  low- 
loss  on  cooling  which  occurred  when  the  residue  of  these 
two  materials  was  poured  is  a  further  indication  that 
there  would  be  less  boiling  immediately  above  680°  F. 
If  these  liquid  asphaltic  products  harden  only  through 
loss  of  volatile  matter  and  if  the  consistency  of  the  dis- 
tillation residue  is  representative  of  the  ultimate  con- 
sistency of  the  material  in  service,  samples  C  and  Dare 
certainly  the  most  rapid  hardening.  However,  if  the 
ultimate  consistency  in  service  is  appreciably  harder 
than  the  consistency  of  the  distillation  residues,  samples 
C  and  D  will  probably  take  longer  to  reach  their  ulti- 
mate consistency  than  the  other  materials  which  do  not 
have  such  a  rapid  initial  loss  of  volatile  matter. 

Both  specific  gravity  determinations  and  index  of 
refraction  determinations  were  made  on  the  distillates. 
The  gravities  and  indexes  of  refraction  of  the  distillate 
from  the  high-gravity  products  are  shown  in  figure  5 
to  be  not  only  generally  higher  than  the  low-gravity 
products  but  to  fall  on  different  curves,  indicating  (hat 
the  chemicai  structure  of  the  distillates  of  the  high- 
rayity  materials  is  quite  different  from  thai  of  the 
distillates  of  the  low-gravity  materials. 

The  asphaltic  residue  test  has  been  and  slill  is  used 
by  many  of  the  States  for  the  control  of  slow-curing 
materials  The  time  of  reduction  is  considered  by 
Some  as  an  indication  of  the  relative  speed  al  which 
the  volatile  matter  is  lost.  Tabic  3  shows  that  the 
time  of  reduction  varied  from  25  minutes  for  samples 
K.  and  Y  to  a  maximum  of  420  minutes  for  sample  D 
vith  an  average  for  the  entire  group  of  approximately 
)5  minutes,  although  only  .">  samples  took  more  than 
.00  minutes. 


distillate    by    volume.      Since 

modified    distillation    test    are 

volume,  this  value'  is  used  in 


FOR  SLOW-CURING  MATERIALS  FROM  THE  SAME  SOURCE.  THE 
PERCENTAGE  OF  ASPHALTIC  RESIDUE  VARIES  DIRECTLY  AS  THE 
VISCOSITY  AND  INVERSELY  AS  THE  PERCENTAGE  OF  DISTILLATE 

In  figure  6  the  percentage  of  asphaltic  residue  is 
plotted  against  the  Furol  viscosity  at  122°  F.  and  the 
percentage  of  distillate  by  volume.  While  there  is 
again  the  objection  to  comparing  percentage  by  volume 
and  percentage  by  weight,  the  curves  shown  would 
not  be  materially  different  if  either  the  percentage  of 
loss  in  the  volatilization  test  or  the  total  percentage 
of  loss  by  weight  in  the  distillation  test  were  substituted 
for  the  percentage  of 
laboratories  using  the 
reporting  percentages  b\ 
the  comparison. 

For  the  materials  as  a  group  there  is  no  direct  rela- 
tion; but  if  the  results  for  products  from  the  same 
refinery  are  joined  by  straight  lines,  it  is  seen  that  as 
the  asphaltic  residue  increases,  the  viscosity  increases 
and  the  percentage  of  distillate  decreases.  Samples 
M,  P,  and  B  are  exceptions  to  this  general  rule. 
Samples  M  and  1*  were  made  to  meet  a  specification 
having  an  exceptionally  low  viscosity  requirement  for 
a  given  asphaltic  residue  and  do  not  correspond  with 
the  other  samples  from  the  same  refinery.  These  two 
have  properties  similar  to  those  of  samples  X,  Y,  and  X 
from  another  refinery.  Sample  B,  although  having  a 
higher  asphaltic  residue  and  a  higher  viscosity  than 
sample  A,  also  has  a  greater  percentage  of  dis- 
tillate. 

A  comparison  of  the  curves  of  figure  i)  shows  that  for 
the  samples  as  a  whole  those  products  having  the  low- 
est viscosity  for  a  given  percentage  of  asphaltic  residue 
generally  have  the  highest  percentage  of  distillate. 
If  th<"  time  of  float  of  the  distillation  residue  and  the 
time  of  reduction  to  an  asphaltic  residue  of  100  pene- 
tration are  compared  with  the  positions  of  the  mate- 
rials in  figure  6  it  will  be  seen  that,  except  Cor  samples 
C  and  1).  those  products  which  have  the  highest  per- 
centage of  distillate  for  a  given  asphaltic  residue  have, 
in  general,  the  highest  float  of  the  distillation  residue 
and  lake  the  shortest  time  to  come  to  loo  penetration. 
However,  -ample-  ('  and  I),  which  the  distillation 
curves  -how  to  have  high  initial  volatility,  are  excep- 
tions to  this  rule  taking  by  far  the  longest  time  for 
reduction  to  an  asphaltic  residue  of  100  penetra- 
tion. 
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These  products  also  dillVr  from  the  others  in  other 
respects.  Sample  I)  is  the  only  materia]  having  a 
higher  percentage  of  fixed  carbon  than  of  asphaltenes 
in  the  original  material;  and  the  asphaltic  residues  of 
both  samples  C  and  I)  have  high  softening  points  and 
penetrations  at  32°  F. 

The  test  for  material  insoluble  in  naphtha  and  the 
fixed  carbon  test  are  both  used  as  tests  of  quality  and 
as  identification  tests.  Results  of  these  tests,  together 
with  the  solubilities  in  carbon  disulphide  and  carbon 
tetrachloride,  will  be  discussed  in  connection  with  the 
exposure  and  laboratory  residues. 

EXPOSURE  OF  THIN  FILMS  OF  MATERIAL  DESCRIBED 

To  determine  how  closely  the  laboratory  evaporation 
tests  indicate  the  amount  of  volatile  matter  lost  under 
actual  conditions  of  exposure  and  the  consistency  and 
character  of  the  resulting  residue,  relatively  thin  layer- 
of  the  materials  under  investigation  were  exposed  to 
the  action  of  the  sun  and  air.  These  samples  were  not 
exposed  in  a  manner  directly  comparable  to  service 
conditions,  but  it  is  believed  that  the  thicker  layers 
used  in  this  work  were  not  acted  upon  more  severely 
by  the  elements  than  are  the  relatively  thin  films  of 
asphaltic  materials  coating  the  aggregate  in  exposed 
load  surfaces.  The  exposures  were  made  in  boxes  of 
the  same  type  as  those  used  in  the  work  of  Hubbard  and 
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Reeve,-  Reeve  and  Anderton,3  and  Reeve  and  Lewis.4 
A  sketch  of  the  box  is  shown  in  figure  7. 

These  boxes  were  made  of  %-inch  wood  and  had 
interior  dimensions  of  30  by  24  by  3  inches.  A  plate 
glass  cover  resting  on  strips  of  felt  fastened  to  the  edges 
of  each  box  made  a  tight  joint  and  excluded  all  dust  and 
dirt.  A  current  of  air,  which  had  been  passed  through 
a  wash  bottle  containing  sulphuric  acid  to  remove  the 
dust  and  eliminate  the  moisture,  was  admitted  through 
the  bottom  of  the  box  and  escaped  through  slots  in 
the  side  serving  to  carry  off  the  vapors  formed.  The 
slots  were  protected  from  the  rain  by  thin  boards 
extending  from  the  top  of  the  box  at  an  angle  of 
about  45°.  Cotton  batting  inserted  in  the  slots 
excluded  dust  from  the  outside  air.  A  thermometer  in 
each  box  provided  a  means  of  determining  the  tempera- 
ture which  was  recorded  hourly  from  9  a.m.  to  4  p.m. 


Figure  7. — Box  Used  in  Exposure  Tests. 

The  use  of  plate  glass  instead  of  quartz  as  cover 
eliminated  some  actinic  rays.  This  and  the  absence 
of  moisture  probably  makes  these  exposures  not  fully 
comparable  to  outdoor  exposure.  However,  the  work 
of  0.  G.  Streiter  5  shows  that  a  variety  of  asphalts 
exhibited  the  same  type  of  changes  when  exposed  in  an 
accelerated  weathering  tester  as  when  outdoors  under 
actual  weather  conditions.  It  is  thought  that  the 
presence  of  water  would  not  have  influenced  greatly  the 
change  in  physical  and  chemical  characteristics  found 
in  these  exposures. 

Two  samples  of  each  material  were  placed  in  seamless, 
flat  bottom  tins  having  a  diameter  of  5%  inches  and  a 
depth  of  &h  inch.  Fifty  cubic  centimeters  of  material 
were  used  to  obtain  a  uniform  film  or  layer  thickness  of 
about  one-eighth  inch  (0.128  inch).  The  samples  were 
so  arranged  in  the  exposure  boxes  and  the  boxes  so 
placed  that  no  obstruction  prevented  the  action  of  sun- 
light. The  assembly  of  the  exposure  boxes  and  dis- 
tributions of  samples  at  start  of  exposure  are  shown  in 
figure  S. 

The  samples  were  placed  in  the  boxes  June  9,  1932, 
and  during  the  following  15  weeks  the  minimum  and 
maximum  temperatures  recorded  on  tin'  thermometer 
in  the  boxes  were  60°  and  208°  F.  (9  a.m.  to  4  p.m. 
period  only).  The  average  daily  minimum  and  maxi- 
mum temperatures  were  105°  and  175°  F.  The  maxi- 
mum temperature  was  usually  obtained  at  noon  and  the 
minimum  in  the  morning  or  evening.  As  the  test  was 
conducted   to   obtain   comparative  results,   the   actual 

s  The  KlTeot  of  Exposure  on  Bitumen-;.  Jour.  Industrial  and  Engineering  Chemis- 
try, vol.  5,  (1913)  5.  A  paper  presented  :il  Eighth  International  ( 'omu-ess  of  Applied 
Chemistry. 

s  The  Effect  of  Exposure  on  Tar  Products     .lour.  Franklin  Institute,  October,  1916. 

>  The  Effect  of  Exposure  on  Some  Fluid  Bitumens.  Jour.  Industrial  and  Engineer- 
ing Chemistry,  vol   "J,  no.  8,  p.  743. 

*  Accelerated  Tests  of  Asphalts,  Bureau  of  Standards  1 'nal  of  Research,  vol   5 

August  1930. 


Figure    8. — Thin    Films    of    Slow-curing     Material    and 
Specimen  Cylinders  Exposed  to  Sun. 

temperature  of  each  box  is  not  important  as  long  as  all 
the  boxes  were  at  the  same  temperature.  Variations 
in  temperature  within  the  several  boxes  were  slight  and 
could  not  materially  affect  the  results.  The  samples 
were  weighed  at  intervals  and  the  percentage  of  loss 
calculated.  One  set  was  removed  for  test  at  the  end 
of  10  weeks  and  the  other  at  the  end  of  15  weeks.  The 
percentage  of  loss  at  the  different  stages  of  the  exposures 
are  shown  in  table  4.  The  surface  conditions  of  the 
various  materials  at  the  end  of  15  weeks  exposure  are 
shown  in  figures  9,  10,  11,  and  12. 

O.  G.  Streiter,  in  studying  the  progress  of  the  deterio- 
ration in  asphalts  on  weathering,  resorted  to  the  deter- 
mination of  the  oils,  resins,  and  asphaltenes,  accord- 
ing to  the  scheme  of  Marcusson.  The  deterioration  is 
shown  by  a  decrease  in  oils  and  resins  and  an  increase 
in  asphaltenes.  Hubbard  and  Reeve  resorted  to 
consistency  tests  and  tests  of  solubility  in  naphtha  and 
carbon  disulphide.  Reeve  and  Lewis  used  these  and 
the  softening-point  determination  and  the  fixed-carbon 
test  to  show  the  changes  which  had  occurred  in  terms 
generally  used  in  routine  asphalt  testing.  The  residues 
after  10  and  15  weeks  of  exposure  were  subjected  to 
the  tests  used  by  Hubbard  and  Reeve  and  Reeve  and 
Lewis,  and  also  to  determinations  of  specific  gravity, 
ductility  at  two  temperatures,  and  solubility  in  carbon 
disulphide  and  carbon  tetrachloride. 

In  order  to  compare  the  residues  after  exposure  in 
all  particulars  with  the  residues  developed  in  the 
accelerated  laboratory  tests,  the  laboratory  residues 
from   the  20-gram   volatilization   test,   the   distillation 
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Major  portion  of  the  surface  is  dull,  black,  ami 
pitted.  Surface  has  shrunk  and  cracked. 
Material  in  bottom  of  large  crack  is  soft  and 
sticky.     Remaining  surface  is  very  hard. 


Major  portion  of  the  surface  is  dull,  black,  and 
pittecl.  Surface  has  shrunk  and  cracked. 
Material  in  bottom  of  larger  cracks  is  soft  and 
siicky.     Remaining  surface  is  very  hard. 


Surface,  is  smooth  and  glossy  i»  the  naked  eye 
but  has  a  mottled  appearance  v.  hen  seen  undei 
a  glass.    There  is  an  indical  ion  "I  checking. 


Surface  is  smooth  and  glossy  to  the  naked  eye  but 
has  a  mottled  appearance  when  seen  under  a 
glass.    There  is  an  indication  of  checking. 


Surface  is  dull  and  mottled  except  for  a  small  scaly 
area,  caused  by  material  drawing. 


Surface  glossy  and  sticky. 


Surface    mottled    and    iridescent;    has   a    greasy 
feeling. 


Surface  mottled   and    iridescent;    has   a  grea 


Surface  highly  iridescent;    ha  feeling. 

ilas  a  line  needlelike  appearance  under  a 


I  el  ki  9,  -Surface  Condition  nl   Exposed  Films  at  End  of  15  Weeks, 
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Surface    highly  iridescent;    has  a  greasy  feeling. 
Has  a  fine  needlelike  appearance  under  a.  glass. 


Surface  smooth  and  glossy  to  the  naked  eye,  but 
appears  drawn  when  seen  under  a  glass.  Surface 
sticky. 


Surface  smooth  and  glossy  to  the  naked  eye,  but 
appears  drawn  when  seen  under  a  glass.  Surface 
sticky. 


Surface  smooth  and  glossy  to  the  naked  eye,  bul 
appearsdrawn  when  seen  under  a  glass.     Surface 
i  icl  i 


Surface  rough  and  pitted,  and  black  and  glossy. 
Surface  around  outer  edge  shows  few  smooth 
glossy  spots     'I  here  is  extreme  drawing  in  some 

areas. 


Surface  smooth  and  glossy  to  the  naked  eye,  but 
appears  drawn  when  seen  under  a  glass.  Surface 
sticky. 


Surface  smooth  and  glossy  to  the.  naked  eye,  but 
appears  drawn  «  hen  seen  under  a  glass.    Surface 

sticky. 


Surface  smooth  and  flossy;  appears  slightly  drawn 
«  hen  seen  under  a  glass. 


Surface  smooth  and  glossy;  appears  slightly  drawn 
when  seen  under  a  glass. 


Figure  10.     Surface   Condition   of  Exposed  Films  at  End  of  15  Weeks. 
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Surface  glossy,  with  a  network  of  checking  ovei 
mosl  (if  surface. 


urface  smooth  and  glosssy,  with  :i  network  of 
checking  over  most  of  surface. 


Surface  smooth,  glossy,  and  sticky. 

Figure  11. — Surface  Condition  of   Exposed  Films  at  End  of  15  Weeks. 

Table  4.      Rate  of  loss  in  lltin  film  cxposurt 
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Surface  glossy  and  slightly  drawn.     Sonic  checking  over  mosl  of  surface 

'igure   12. — Surface   Condition   of   Exposed    Film    vt    End 
of   15   Weeks. 

est  and  the  asphaltic-residue  test  were  subjected  to 
he  same  tests  made  on  the  residues  after  exposure, 
^he  results  of  the  tests  on  both  the  laboratory  residues 
nd  residues  after  exposure  are  given  in  table  5. 

OSSES     IN     DISTILLATION     TEST     MOST     NEARLY     APPROXIMATE 
LOSSES  RESULTING  FROM   EXPOSURE 

An  examination  of  table  4  shows  that  all  of  the 
aaterials  lose  in  weight  rather  rapidly  at  first  and  more 
lowly  as  the  time  of  exposure  increases.  There  is, 
owever,  a  great  deal  of  difference  in  the  rate  of  loss. 
If  the  loss  in  weight  at  the  end  of  the  15-week  period 
8  considered  as  the  maximum  possible  loss  under 
onditions  of  this  test,  then  in  2  days  the  exposure 
amples  lose  from  13  percent  (sample  H)  to  (>1  percent 
sample  C)  of  their  volatile  matter;  in  12  days  they 
)se  from  21  percent  (sample  G)  to  74  percent  (sample 


(');  and  in  35  days  from  (is  percent  (sample  (1)  to  95 
percent  (sample  D).  Samples  C,  I),  and  M  lost  48 
percent  or  more  of  their  volatile  matter  in  2  days  while 
none  of  the  other  samples  lost  more  than  35  percent. 
These  three  samples  likewise  lost  a  greater  percentage 
of  their  volatile  matter  in  12  and  35  days  than  the  other 
materials.  At  the  end  of  10  weeks  till  of  the  samples 
had  lost  at  least  87  percent  of  their  volatile  matter 
and  all  hut  (i  had  lost  over!).")  percent.  It  is  reasonable 
to  suppose  that  the  losses  at  the  end  of  a  15-week 
period  would  not  have  been  increased  materially  had 
the  exposure  continued  for  a  longer  time. 

Figure  13  is  a  comparison  of  the  I 5  weeks'  exposure 
losses  and  the  losses  occurring  in  the  laboratory  control 
tests.  The  percentage  of  loss  in  the  l.j  weeks'  exposure 
is  .about  the  same  as  the  total  loss  in  the  distillation 
lest,  about  1  '_•  times  as  great  as  the  loss  in  the  20-gram 
volatilization  test  and  twice  as  great  .as  the  loss  in  the 
50-gram  volatilization  (est.  When  the  exposure  lo 
are  compared  with  the  looses  in  the  asphaltic  residue 
test,  however,  no  reasonably  consistent  relation  is 
found.  The  losses  in  the  15-week  exposure  samples 
\  ary  from  one-fourth  of  the  loss  occurring  in  the  asphal- 
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loss  in  film  exposed  for  15  weeks  -  percent 

Figure  13. — Comparison-  of  the  Percentage  of  Loss  After  15  Weeks  of  Exposure  With  Loss  in  the  Laboratory  Ev  mi- 
ration Tests. 


tic  residue  test  for  sample  E  to  four-fifths  of  the  loss 
occurring  in  the  asphaltic  residue  test  on  sample  X, 
with  an  average  for  the  entire  group  of  slightly  over 
one-half  of  the  loss  which  takes  place  when  these 
liquid  asphaltic  materials  are  reduced  to  asphaltic 
residues  of  100  penetration  by  the  usual  laboratory 
methods. 

The  comparisons  show  that  the  total  loss  by  weight 
in  the  distillation  test  (including  loss  on  cooling)  more 
nearly  approximates  the  ultimate  loss  which  occurs  when 
these  materials  are  exposed  under  the  conditions  of  this 
test  than  do  the  losses  which  occur  in  the  volatilization 
or  asphaltic  residue  tests. 

The  losses  in  the  various  laboratory  and  exposure 
tests  are  of  importance  when  comparisons  are  made  of 
the  consistencies  of  the  residues  as  given  in  table  5. 
Although  the  losses  in  the  distillation  test  and  the  15- 
week  exposure  test  are  about  equal  the  distillation 
residues  are  fluid  and  the  exposure  residues  are  semi- 
solid. In  spite  of  the  fact  that  the  losses  in  the  expo- 
sure test  are  considerably  less  than  the  losses  in  the 
asphaltic  residue  test,  the  exposure  residues  are  in  all 
but  two  cases  (samples  D  and  E)  harder  than  the  corre- 
sponding asphaltic  residues  and  in  those  cases  the  expo- 
sure residues  were  comparable  to  an  asphaltic  residue 
of  100  penetration. 


MATERIALS  HIGHLY  ALTERED  BY  EXPOSURE 

Bituminous  materials  upon  exposure  undergo  changes 
which  are  due  to  something  more  than  mere  loss  ol 
volatile  matter.  This  has  been  discussed  in  the  papers 
referred  to  on  page  92  and  is  demonstrated  by  these 
tests.  Reeve  and  Lewis  showed  that,  for  equivalent 
losses,  atmospheric  exposed  samples  developed  hardei 
consistencies  than  20-gram  volatilization  samples.  In 
the  present  investigation  the  exposed  samples  produced 
residues  much  harder  than  the  distillation  residues  and, 
in  all  except  two  cases,  harder  than  the  asphaltic 
residues  although  the  loss  in  the  exposure  test  was 
about  the  same  as  the  loss  in  the  distillation  test  and 
much  less  than  the  loss  in  the  asphaltic  residue  test. 

A  study  of  the  characteristics  of  the  residues  after  ex- 
posure and  the  asphaltic  residues  produced  undei 
laboratory  conditions  is  of  interest.  It  has  been  dem- 
onstrated that  when  asphaltic  materials  are  subjected 
to  high  temperatures  such  as  are  reached  in  the  asphal- 
tic residue  test,  they  are  highly  susceptible  to  oxidation, 
producing  chemical  reactions  which  result  in  artificial 
hardening  of  the  material.  Bateman  and  Delp( 
showed  that  when  Mexican  asphalt  is  sprayed  on  hoi 
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Table  5.      Tests  on  laboratory  and  exposure  residues 
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sand  in  the  usual  mixing  process  under  normal  paving 
practice  the  softening  point  is  increased,  the  penetra- 
tions at  low  and  high  temperatures  are  more  closely 
drawn  together  and  the  ductility  of  the  material  is 
greatly  reduced.  It  was  the  authors'  conclusion  that 
because  of  the  great  surface  area  of  hot  asphalt  exposed 
to  the  air  on  the  surface  of  the  mineral  aggregate,  there 
was  an  excellent  opportunity  for  oxidation. 

In  table  6  the  asphaltic  residues  are  compared  with 
the  residues  of  approximately  the  same  consistency 
obtained  in  the  exposure  test.  Seven  of  the  residues 
of  exposed  samples  were  considerably  harder  than  U><> 
penetration  at  the  end  of  10  weeks  and  are  not  included 
in  the  table.     The  softening  points,  penetration  rat  ins 


and  ductilities  shown  in  the  la  Mr  indicate  that  the 
residues  after  exposure  are  more  highly  oxidized  than 
I  lie  corresponding  asphaltic  residue-. 

The  softening  points  of  the  residues  after  exposure 
are  not  strikingly  different  from  the  softening  points  of 
laboratory-produced  residues  excepl  in  the  ease  of 
ample  A.  The  ratio  of  penetration  at  77°  K.  to  pene- 
tration at  Wl"  V.  is  always  greater  for  the  asphaltic 
residues  than  for  the  residues  after  exposure.  This 
shows  the  lower  susceptibility  of  the  hitter  residues  to 
temperature  change,  which  i-  a  characteristic  of  oxi- 
dized asphalts.  The  ductility  at  77  J  1'".  of  the  asphaltic 
residues  is  I  in  ,  hut,  the  ductility  o!  the  residues  after 
exposure  at    77°  F.  in  <i  samples  has  hcen  materially 
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Table  6.  —  Comparison  of  residues  of  approximately  100  peneiia- 
lion  obtained  front  the  asphaltic  residue  test  and  from  exposed 
films  of  mali  rial 


Asphaltic  residue 

Exposure  residue 

Pene- 
tration 

"  it,' 

.2  =* 

*~    U  0 

a  .  •  a 

S^  c 

.§!ji 

03  03  ,- 

4.6 

:.(.  8 
::. :; 

3.5 
11.2 
10.2 
11.5 
4.7 
5.9 
5.5 
6.0 
4.1 
5.  3 
4.9 
4.7 

a 

'3 

O. 

S 

a 
© 

tn 

Ductil- 
ity 

Pene- 
tration 

■-  ? 

to" 

<u  „  _ 
-     .  o: 

"— :>     o 
i-  — 

03  03  *-> 
X 

(^ 
a 

"z 

p. 

M 

a 

'5 

o 

Ductil- 
ity 

I 

o 

m 

5 

< 

< 

fe 
Z, 

lO 

T 
CO 

0 

4.8 

4.8 

6.0 

0 

0 

0 

0 

0 

0 

1.0 

5.5 

5  8 

0.7 

4.5 

< 

115 

117 
93 

124 
79 

119 
76 
87 

111 
91 
85 
86 
83 
95 

105 

~J 

< 

34 
38 
29 
52 
12 
23 
13 
25 
31 
25 
23 
28 
31 
30 
29 

< 

CO 

ai  3y 
"3  £ 

A 

c 

D 

E 

F 

(i 

II 

L 

M 

N 

P 

R 

S 

T 

V 

87 
95 
88 
104 
101 
82 
92 
93 
112 
105 
107 
102 
106 
102 

yy 

ly 

25 
27 
30 
9 
8 
8 
20 

iy 

19 
18 
25 
20 
21 
21 

113 

lis 
1211 
114 
108 
109 
109 
111 
110 
109 
110 
113 
113 
114 
113 

110+ 
110+ 
110+ 
10(1+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 

3.4 
3.  1 
3.2 
2.4 
6.6 
5.2 
5.  9 
3.5 
3.7 
3.7 
3.7 
3.1 
2.7 
3.2 
3  6 

149 

111 
113 
117 
109 
103 

mi 
113 

109 
113 
113 
113 
120 
115 
112 

3 

72 

sr, 

23 
100 
110+ 
110+ 
110+ 
110+ 
110+ 
110+ 
102 

42 

60 

81 

0.5 

4.5 

4 

3.3 

(I 

(1 

0 

4.5 

5.8 

4.8 

4.3 

3  8 

1.3 

3.3 

3.8 

10 
10 
15 
15 

15 
11) 
III 
15 
1(1 
15 
HI 
10 
15 
10 
111 

lowered  and,  in  the  ease  of  sample  A,  an  extremely  non- 
ductile  residue  has  been  produced.  Materials  which 
are  highly  ductile  at  77°  F.  generally  have  little  if  any 
ductility  at  low  temperatures  and  in  the  case  of  samples 
L,  M,  and  N,  the  fact  that  the  residues  after  exposure 
have  a  higher  ductility  at  34-35°  F.  than  the  corre- 
sponding asphaltic  residues  may  be  due  to  the  fact  that 
the  residues  after  exposure  may  actually  have  a  lesser 
ductility  at  77°  F.  than  the  asphaltic  residues.  This 
difference,  if  it  exists,  is  not  shown  by  the  test  results 
because  of  the  limited  capacity  of  the  ductility  machine 
available. 


The  softening  point  of  the  residues  after  exposure  of 
samples  B  and  O,  although  not  shown  in  table  6  because 
of  their  low  penetrations  at  the  end  of  10  weeks,  are 
also  abnormally  high  when  compared  with  other  resi- 
dues having  practically  the  same  consistency.  The 
ductility  of  the  residues  after  exposure  of  these  two 
samples  is  also  exceedingly  low.  It  will  be  shown  later 
by  other  tests  that  there  are  changes  in  characteristics 
in  the  asphaltic  residues  which  may  be  attributed  to 
oxidation .  Nevertheless,  from  a  study  of  these  .  data 
it  is  apparent  that  the  effects  of  oxidation  at  compara- 
tively low  temperatures  over  a  relatively  long  period  of 
time  are  more  pronounced  than  at  high  temperatures 
for  a  comparatively  short  period. 

Attention  is  called  to  the  behavior  of  samples  A,  B, 
and  O.  It  has  been  held  by  some  authorities  that 
liquid  asphaltic  materials  which  give  ductile  residues 
are  desirable  materials  for  road  use  and  that  products 
giving  non-ductile  residues  are  unsuitable  for  many 
types  of  road  construction.  While  producing  a  residue 
of  satisfactory  properties  in  the  asphaltic  residue  test, 
samples  A,  B,  and  O,  on  exposure,  lost  practically  all 
ductility  and  were  materially  altered  as  shown  by  their 
photographs  in  figures  9  and  10.  From  the  stand- 
point of  surface  appearance  these  samples  are  the  worst 
of  the  group. 

CONSIDERABLE    FIXED     CARBON     AND     MATERIAL    INSOLUBLE    IN 
NAPHTHA  FORMED  IN  ALL  MATERIALS  DURING  EXPOSURE 

Since  both  the  percentage  of  material  insoluble  in 
naphtha  and  the  percentage  of  fixed  carbon  are  consid- 
ered to  be  characteristic  of  the  source  and  method  of 
manufacture  of  different  types  of  asphaltic  materials, 
the  relations  between  these  two  values  for  the  original 
materials  and  all  of  their  residues  are  plotted  in  figure 
14.     Only  a  very  general  relation  is  indicated  for  the 
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Figure    14. — Relation  Between  the  Percentage  of  Fixed  Carbon  and  Material  Insoluble  in  Naphtha  in  the  Original 
Materials  and  Their  Residues  Resulting  from  Laboratory  Treatment  and  Field  Exposure. 
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Figure   16.— Index   of   Increase   in   Fixed   Carbon    in    the 
Various  Residues. 

group  as  a  whole.  However,  in  all  cases  the  high- 
gravity  materials  have  higher  percentages  of  fixed  ear- 
bon  and  material  insoluble  in  naphtha  than  the  low- 
gravity  materials.  It  is  of  interest  to  note  that 
materials  from  the  same  refinery,  and  presumably  from 
the  same  source,  continue  to  show  the  same  relations 
in  the  residues  as  in  the  original  material  (samples  C, 
D,  S,  T,  and  V). 

Anderton  7  found  that  in  the  steam  distillation  of 
petroleums  from  various  fields  the  fixed  carbon  of  a 
residue  is  dependent  only  upon  the  character  of  the 
crude  material  and  is  unaffected  by  the  distillation 
Within  the  limits  of  accuracy  of  the  test,  the  fixed 
carbon  value  for  any  residue  can  therefore  be  readih 


'  B.  A.  Anderton.    Some  Relations  Between  the  Characteristics  of  .- 
Petroleum  Residuals.     Vol   21),  pt.  II,  Proc.  A.S.T.M.  1920 


calculated  by  knowing  the  fixed  carbon  of  the  original 
material  and  the  percentage  of  distillate  driven  off 
during  the  steam  distillation,  lie  also  found  that  the 
percentage  of  asphaltenes  increased  in  the  various 
residues  obtained  in  fractional  steam  distillation  in 
greater  proportion  than  could  be  attributed  to  loss  of 
volatile  matter  and  concluded  thai  there  were  changes 
occurring  which  resulted  in  the  actual  formation  of 
bodies  of  an  asphaltic  character. 

This  later  work  of  Anderton  justified  to  a  great  extent 
the  use  of  the  fixed  carbon  and  naphtha-solubility 
tests  by  Reeve  and  Lewis  in  studying  the  effects  of 
exposure  on  asphaltic  materials.  The  latter  investiga- 
tor demonstrated  from  abnormal  increases  in  fixed 
carbon  and  naphtha  insolubility  in  samples  exposed  to 
oven  and  atmospheric  conditions  that  polymerization 
and  intermolecular  reactions  caused  by  heat,  and 
possibly  increased  also  by  the  action  of  light,  are  very 
largely  responsible  for  such  changes,  in  addition  to  those 
accounted  for  by  oxidation  and  mere  loss  of  volatile 
matter.  It  is  concluded  therefore  that  the  fixed-carbon 
and  material  insoluble  in  naphtha  determinations  are 
of  value  in  a  comparison  of  the  laboratory  residues 
and  residues  after  exposure  of  the  liquid  asphaltic 
materials  used  in  this  investigation. 

If  there  is  no  material  insoluble  in  naphtha  in  the 
volatile  matter  and  none  is  formed  during  the  progress 
of  the  test,  the  fraction  of  material  insoluble  in  naphtha 
should  be  equal  to  the  percentage  in  the  original  material 
divided  by  the  percentage  of  residue.  If  the  residue 
contains  more  than  this  calculated  or  theoretical  amount 
of  material  insoluble  in  naphtha  it  must  have  been 
formed  during  the  test.  Therefore1  the  actual  per- 
centage of  naphtha-insoluble  matter  in  the  residue 
divided  by  the  calculated  percentage  may  be  called 
the  ratio  of  increase  in  material  insoluble  in  naphtha. 
This  ratio  multiplied  by  100  is  called  the  index  of 
increase  and  is  used  to  indicate  the  relative  changes 
which  have  taken  place  in  the  various  residues  The 
relative  changes  in  the  fixed  carbon  content  of  the  various 
residues  may  also  be  determined  in  the  same  manner. 

In  figures  15  and  1 f>  the  indexes  of  increase  in  naphtha- 
insoluble  material  and  fixed  carbon  in  the  residues,  are 
plotted  for  each  sample  and  each  method  of  test.  When 
the  actual  amount  of  fixed  carbon  or  material  insoluble 
in  naphtha  is  equal  to  the  theoretical  or  calculated 
amount,  the  index  of  increase,  as  shown  in  figures  1  ."> 
and  16,  is  100.  If  will  be  noticed  that  in  all  cases  the 
increase  in  naphtha-insoluble  material  is  much  greater 
than  the  increase  in  fixed  carbon,  the  index  for  the 
residues  after  1  5  weeks'  exposure  ranging  from  about 
125  to  375  for  the  material  insoluble  in  naphtha  as 
compared  with  indexes  of  125  to  175  for  fixed  carbon. 

The  change  in  fixed  carbon  and  naphtha-so  uble 
material  during  the  distillation  test  is  slight,  the  index 
varying  from  100  to  135  for  naphtha-insoluble  material 
and  from  92  to  117  for  fixed  carbon.  It  is  probable 
that  there  was  no  actual  decrease  in  fixed  carbon,  but 
slight  inaccuracies  in  the  test  doubtless  had  a  noticeable 
effect  in  the  distillation  residues  where  the  changes  were 
small.  The  increase  in  fixed  carbon  in  the  volatiliza- 
tion residue  is  always  higher  than  in  the  distillation 
residue,  and  the  same  is  true  for  the  material  insoluble 
in  naphtha  except  in  three  cases,  but  the  curves  are 
almosl  parallel,  especially  in  the  case  of  fixed  carbon 
In  the  case  of  the  asphaltic  residue  the  indexes  are  high 
when  the  time  of  reduction  i-  long,  as  in  the  case  of 
samples  ('  atul    I).      In   these  cases  the  asphaltic  residue 
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has  a  higher  index  for  fixed  carbon  than  has  the  residue 
resulting  from  a  f  5-week  exposure  and  the  indexes  for 
increase  in  naphtha-insoluble  material  approach  the 
values  for  the  residues  after  10  weeks'  exposure.  The 
indexes  are  low  when  the  time  of  reduction  is  low,  as  in 
samples  X  and  Y,  where  the  increase  in  material  insolu- 
ble in  naphtha,  is  no  greater  than  in  the  volatilization 
residue.  It  is  also  interesting  to  note  that  in  general 
the  residues  of  the  high-gravity  materials  have  a  lower 
index  for  material  insoluble  in  naphtha  than  have  the 
low-gravity  materials.  In  the  ease  of  the  index  for 
fixed  carbon,  however,  the  high-gravity  materials  do 
not  fall  into  any  one  group. 

It  will  be  seen  that  the  changes  in  material  insoluble 
in  naphtha  and  in  the  iixed  carbon  content  are  greatest 
in  the  residues  after  15  weeks'  exposure;  they  are  ext 
greatest  in  residues  after  10  weeks'  exposure,  then  in  the 
asphaltic  residues,  then  in  the  volatilization  residues, 
and  least  in  the  distillation  residues.  The  data,  given 
clearly  demonstrate  that  all  the  accelerated  evapora- 
tion tests  now  in  use  for  the  control  of  asphaltic  mate- 
rials produce  residues  which  have  been  less  altered  by 
artificial  hardening  and  oxidation  than  are  residues 
resulting  from  exposure  to  the  sun  and  to  atmospheric 
conditions.  This  corroborates  the  work  of  Reeve  and 
Lewis 

FREE   CARBON    AND   CARBENES  FORMED   ONLY  IN    HIGH-GRAVITY 
MATERIALS  DURING  EXPOSURE 

By  definition,  bitumen  is  the  material  soluble  in  car- 
bon disulphide,  asphaltenes  are  that  portion  of  bitumen 
insoluble  in  86°  B.  naphtha,  and  earbenes  are  that  por- 
tion of  bitumen  insoluble  in  carbon  tetrachloride.  Re- 
ferring to  tables  3  and  5  it  will  be  seen  that,  the  percent- 
age of  organic  matter  insoluble  in  carbon  tetrachloride 
is  exceedingly  small  in  the  original  materials  having  low- 
specific  gravities;  and  that  there  is  no  great  increase  in 
the  material  insoluble  in  carbon  tetrachloride  in  their 
various  residues.  In  these  low-gravity  materials,  there- 
fore, a,  solubility  in  carbon  tetrachloride  is  practically 
the  same  as  a  solubility  in  carbon  disulphide;  and  the 
material  insoluble  in  86°  B.  naphtha,  may  be  considered 
as  essentially  asphaltenes. 

The  high-gravity  products,  however,  which  originally 
had  from  0.50  percent  in  the  case  of  sample  F  to  2.88 
percent  in  the  case  of  sample  1  of  material  insoluble  in 
carbon  tetrachloride,  developed  residues  which  showed 
substantial  increases  in  material  insoluble  in  carbon 
tetrachloride.  It  was  indicated  clearly,  in  the  case  of 
these  high-gravity  materials,  that  solubility  in  carbon 
tetrachloride  was  by  no  means  the  same  as  solubility  in 
carbon  disulphide;  and  it  was  therefore  necessary  to 
test  these  high-gravity  materials  and  their  residues  for 
solubility  in  carbon  disulphide.  As  shown  in  tables  :; 
and  5,  these  materials  have  appreciable  amounts  of 
material  insoluble  in  carbon  disulphide,  in  their  original 
condition,  and  in  their  various  residues.  In  the  case  of 
these  high-gravity  products,  therefore,  the  organic  mat- 
ter insoluble  in  carbon  tetrachloride,  as  reported  in  these 
tallies,  does  not  represent  earbenes  and  the  organic 
matter  insoluble  in  S6°  B.  naphtha,  does  not,  represent 
asphaltenes  (since  they  are  based  on  total  material 
rather  than  total  bitumen). 

In  table  7  the  data  on  solubility  have  been  tabulated 
lo  show  not  only  the  insoluble  matter  in  the  high- 
gravity  materials  and  their  residues  but  what,  by  defi- 
nition, arc  free  carbon  (insoluble  in  carbon  disulphide), 
earbenes,  and  asphaltenes.  The  greatest  differences 
between  percentage  of  organic  mailer  insoluble  in  si; 


B.  naphtha  and  percentage  of  asphaltenes  are  in  the 
residues  after  exposure  where  the  free  carbon  and  ear- 
benes have  increased  to  a,  great  extent.  In  four  eases 
the  free  carbon  and  earbenes  are  greater  in  the  residue 
from  the  volatilization  test  than  in  the  asphaltic  residue, 
the  effect  of  time  in  the  oven  test  probably  being  more 
pronounced  than  the  higher  temperature  used  for  a 
short  period  in  the  asphaltic  residue  test.  In  two  cases 
the  earbenes  are  less  in  the  distillation  residue  than  in 
the  original  material.  In  figure  17  the  volatile  matter 
and  the  insoluble  matter  in  86°  B.  naphtha,  carbon 
tetrachloride,  and  carbon  disulphide  are  shown  for  the 
original  materials  and  their  various  residues.  All  per- 
centages are  expressed  in  terms  of  the  weight  of  the 
original  material. 

Table  7. — Comparative  solubilities  of  the  high-gravity  materials 
ami  their  residues 


Identi 
fica- 
tion 


Solubility  test 


GS-i  insoluble   .  .    . 
en.,  insoluble 
Naphtha  insoluble 

Carbenes 

Asphaltenes 

<  !Sj  insoluble 

CC14  insoluble..   . 
Naphtha  insoluble 

<  larbenes 

Asphaltenes 

CS2  insoluble 

CCI4  insoluble 
Naphtha  insoluble 

Carbenes 

Asphaltenes 

CS2  insoluble. 

I'd,  insoluble 
Naphtha  insoluble, 

Carbanes 

Asphaltenes- . 

CS2  insoluble 

CCI4  insoluble 

Naphtha  insoluble 

<  !arbenes 

Asphaltenes 

CS2  insoluble 

OCI4  insoluble 
Naphtha  insoluble 

Carbenes 

Asphaltenes 

CS2  insoluble 

CCU  insoluble-   .. 
Naphtha  insoluble 
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Vsphaltenes 


Origi- 
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Percent 

Percent 

(I.  19 

0.  24 

83 

.47 

10.95 

16.89 

.64 

.23 

10.78 

16.  69 

.  17 

.  38 

2.  17 

1 .  S3 

16.07 

21.31 

2.00 

1.4  a 

1 5.  93 

21.01 
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.20 

..00 

1   01, 

16.01 

21  os 

.43 

.86 

1.,  a;, 

20.92 

.  19 

.  29 

1.58 

2.  S4 

19.  56 

30.  00 

1.39 

2.  50 

19.41 

29  Sll 

.58 

.49 

2  0;; 

3.02 

22.  74 

31.09 

1.46 

2.  5 1 

22.  29 

30.  75 

(IS 

.08 

2.  ss 

4.  54 

25.83 

35.  21 

2  Ml 

4.  46 

25.  77 

35.  10 

.09 

.17 

2.83 

4,71 

25.  OS 

37.  01 

2.74 

4.  55 

25.01 

30.  90 

20-gram 
volatil- 
ization 
residue 


Perct  in 
n  39 

1  .;.', 

10.50 

.94 

10.  17 

28 

l  88 

2:  i  26 
I  ill 

23  01 
.  10 
1    73 

211  lis 

1.63 

20.  00 
.  95 

4.95 
25.  03 

I  01 
24.31 

1.84 

5  as 

29.  91 
3.  91 

28.60 
.  69 

7.35 
31.38 

6.71 

30.  90 
.47 

0  70 
30   is 

0.  2fi 
30.  15 


Asphal- 
tic resi- 

10-week 
expo- 

due 

sure 
residue 

l;  1,1  nt 

Percent 

0.39 

0.87 

1.46 

3.49 

25.84 

29.95 

1.07 

2.64 

29  31 

.00 

1.06 

3.41 

8.27 

29.  24 

34.76 

2  83 

7.29 
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2.54 

3.  12 

8.15 

38  sr 

34.62 

2.38 

5.76 

38   11 

32.  92 
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5.10 

4.98 

12.  22 

38.70 

35.65 

4.30 

7.50 

38.20 

32.19 

1.00 

4.14 

4.02 

11.78 

36  81 

40.04 

3.  05 

7.97 

30.  17 

37.  45 

.24 

5.90 

3.84 

14.94 

39.  40 

41.08 

3.  01 

9.55 

39.25 

37.35 

.30 

4.51 

5.21 

1  4.  00 

37.  75 

10  03 

4.92 

10.03 

37.  56 

37.20 

15-week 
expo- 
sure 

residue 


Percent 

1.01 

4.25 

34.06 

3.  OS 

32.  98 

2.  5(1 
9.  11 

37.  10 

6  7s 

35.  55 

3.  09 

a  59 
36  68 

6.  13 

34.  25 
0.  56 

14.79 

37.  58 

s   si 

33.  20 
0.41 

13.  40 
41.51 

7.47 
37.  all 

0.  17 
15.01 
38  83 
10.06 
34.81 

5.41 
15.25 
39.12 
10.41 

35.  63 


Both  in  figure  17  .and  table  7  it  is  apparent  that  the 
total  material  insoluble  in  naphtha,  which  in  many 
asphaltic  materials  may  be  considered  essentially  the 
same  as  asphaltenes  (bitumen  insoluble  in  naphtha),  is, 
in  the  case  of  these  high-gravity  materials  and  their 
residues,  a  combination  of  free  carbon,  earbenes,  and 
asphaltenes.  The  percentage  composition  of  the 
material  insoluble  in  naphtha,  as  given  in  table  8,  indi- 
cates that  free  carbon  and  carbenes  are  much  more 
pronounced  in  the  residues  after  exposure  than  in  the 
residues  from  the  laboratory  tests,  six  of  the  15-wreek 
residues  after  exposure  having  materials  insoluble  in 
naphtha  which  contained  about  25  to  40  percent  of  free 
carbon  and  carbenes. 

It  has  been  stated  by  some  authorities  that  free 
carbon  and  carbenes  are  the  result  of  further  conden- 
sation or  polymerization  of  asphaltenes.  Under  the 
conditions  of  the  various  laboratory  tests  and  under 
the  weathering  conditions  of  the  exposure  tests,  the  15 
low-gravity  products  did  not  develop  residues  with  a 
gain  in  organic  matter  insoluble  in  carbon  tetrachloride. 
The    7  high-gravity    products,    which    had     some     free 
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arbon  as  well  as  an  appreciable  amount  of  carbenes, 
eveloped  considerable  percentages  of  these  constitu- 
tes, especially  in  the  residues  after  exposure.  Evi- 
ently  carbonization,  which  takes  place  when  bitu- 
dnous  materials  are  subjected  to  high  temperature 
tad  which  progresses  more  rapidly  when  they  are 
Objected  to  sunlight,  is  intensified  when  the  materials 
litiallv  have  free  carbon  and  carbenes  present  together 
1  appreciable  amounts.  Therefore,  specifications  call- 
lg  for  a  high  solubility  in  carbon  disulphide  and  carbon 
ptrachloride  should  be  advantageous  in  minimizing 
ie  possibilities  of  carbonization  playing  a  part  in  I  lie 
eathering  of  the  materials  in  road  service. 
UBBARD-FIELD  stability  test  used  as  an  indication  ok  the 

K£h^",VK  52,NDING  STRENGTH  OF  FLUID  ASPHALTIC  MATERIALS 
WHEN  COMBINED  WITH  A  STANDARD  AGGREGATE 

Slow-curing  liquid  asphaltic  materials  are  not  suitable 
>r  surface  treatments  where  exceedingly  rapid  loss  of 
blatile  matter  and  early  hardening  are  essential  to 
svelop  high  bonding  strength.  Whether  used  in  mixed 
irfaces  or  in  penetrative  treatments  these  products 
a,ye,  however,  some  initial  bonding  strength  and  de- 


velop additional  bonding  strength  depending  upon  the 
design  of  the  surface,  climatic  conditions,  and  the  in- 
herent qualities  of  the  materials  themselves. 

In  order  to  e\  aluate  adhesiveness  or  bonding  strength 
tests  were  made  with  the  Hubbard-Field  stability 
machine,8  which  has  been  used  to  demonstrate  the  effecl 
of  consistency  and  other  characteristics  of  asphalt 
cements  on  the  stability  or  resistance  to  displacement 
of  sheet-asphalt  mixtures. 

The  first  phase  of  this  study,  the  determination  of 
the  bonding  strength  of  the  original  materials,  and  of 
1  heir  distillation  and  asphaltic  residues,  involved  the 
preparation  of  •">  sets  of  cylinders  for  the  Hubbard- 
Field  stability  test.  In  each  set  there  were  :;  speci- 
mens lor  each  material.  In  I  set  lli.fi  percent  by 
volume  of  the  original  materials  iii.ti  to  7.7  percent  by 
weight    depending    upon    their    specific    gravity)    was 

mixed  with  83.4  percent  by  volume  of  the  standard 
-and.  In  the  other  2  sets  the  same  percentage  by 
weight  of  distillation  residue  and  asphaltic  residue  was 

■\  study  of  certain  factors  affecting  the  stabilitj   <if  asphalt   pavinp  mixti 
Bubbard  and  H.  C    Field      Proc    V.S.T.M.,  vol  26,  pt    II.  pp.  577-fiOI. 
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used  as  was  used  in  the  cylinders  made  with  the  original 
materials.  This  cave  an  almost  constant  percentage 
of  bitumen  by  volume  in  the  cylinders  containing  dis- 
tillation residue  and  asphaltic  residue.  These  mixes 
were  tested  immediatly  for  stability  at  77°  F.  and  for 
the  purpose  of  discussion  are  called  series  1  cylinders. 

The  second  phase  of  the  study,  the  determination  of 
the  development  of  bonding  strength,  involved  the 
preparation  of  6  sets  of  3  cylinders  each  for  each  mate- 
rial using  the  same  standard  aggregate  as  was  used 
in  series  1  and  the  same  percentage  of  the  original 
materials  by  volume. 

Three  sets  were  placed  in  a  Freas  oven  regulated  at 
140°  F.  and  sets  were  removed  at  the  end  of  1,  7,  and  14 
days.  The  cylinders  were  weighed  before  and  after 
curing  and  the  loss  in  weight  expressed  as  a  percentage 
of  the  bituminous  material  present  in  the  cylinders  as 
made.  After  weighing,  the  cylinders  were  held  in  an 
air  bath  at  77°  F.  to  insure  a  uniform  temperature  and 
then  tested  at  77°  F.  for  stability. 

The  other  3  sets  were  placed  in  the  exposure  boxes 
previously  described  and  subjected  to  the  same  exposure 
conditions  as  the  thin  films.  Sets  were  removed  at  the 
cud  of  5,  10,  and  15  weeks  and  tested  in  the  same 
manner  as  the  oven-cured  cylinders.  For  comparative 
purposes  2  additional  sets  of  cylinders  were  made 
using  as  a  binder  the  amounts  of  distillation  residue 
and  asphaltic  residue,  which  would  have  been  obtained 
if  the  bitumen  in  the  cylinders  made  with  the  original 
materials  had  been  subjected  to  the  distillation  or 
asphaltic  residue  test.  These  two  sets  were  tested 
immediately.  For  the  purpose  of  discussion  these  are 
called  series  2  cylinders.  Table  9  gives  the  percentage 
composition  of  each  mix  by  weight  and  by  volume. 

The  aggregate  was  a  Potomac  River  sand  which  had 
been  separated  on  standard  sieves  and  recombined  for 
each  mix  to  obtain  the  following  grading: 

Passing  sieve  Retained  on 

no.—         sieve  no.  —  Percent 

10                20 ...  3.9 

20                150 6  4 

30                40 10.3 

40                50 14.2 

50                si) 30.9 

80              100 16.8 

100              200 16  7 

200 0.8 

This  sand  had  a  specific  gravity  of  2. 053  and  the  voids, 
as  determined  by  the  Bureau  of  Public  Roads  void 
determinator,9  were  34.5  percent.  It  conforms  essen- 
tially to  Richardson's  grading  for  heavy-traffic  sheet 
asphalt  sand  without  the  filler  (the  material  passing  the 
no.  200  sieve),  which  was  omitted  not  only  to  provide  an 
open  mix  for  possible  loss  of  volatile  matter,  hut  also  to 
eliminate  the  effect  of  filler  on  the  bonding  strength  of 
i  In'  mixtures. 

The  asphaltic  materials  and  sand  were  thoroughly 
mixed  by  hand.  Mixtures  containing  the  original 
asphaltic  materials  were  mixed  at  room  temperature. 
Mixtures  containing  the  distillation  residues  were 
warmed  to  100°  F.  and  those  containing  the  asphaltic 
residues  were  heated  to  200°  F.  to  expedite  mixing  and 
to  insure  uniform  coating.  The  cylinders  were  com- 
pacted under  a  load  of  3,000  pounds  per  square  inch. 
The  method  of  compaction  recommended  by  Hubbard 
and  Field  was  varied  in  the  following  particulars: 

1.  Cylinders  containing  the  original  materials  and 
distillation  residues  were  compressed  at  room  tem- 
perature. 

'Researchei    on    Bituminous    Paving  Mixtures.  Public   Roads    vol    7   no    10 
December  1926.  ' 


Table  8. — Composition  of  the  total  material  insoluble  in  naphtha 
of  the  high-gravity  materials  and  their  residues 


Identi- 
fica- 
tion 


Naphtha-insoluble  mat- 
ter composed  of — 


1  Ongi 
nal  ma- 
'   terial 


{Free  carbon 
Carbenes.. 
Asphalteues  minus  car 
benes 

{Free  carbon_ 
Car  benes 
Asphaltenes  minus  car 
benes. 

{Free  carbon 
Car  benes 
Asphaltenes  minus  car 
benes 

{Free  carbon. 
Car  benes 
Asphaltenes  minus  car 
benes 

{Free  carbon 
Car  benes _ 
Asphaltenes  minus  car 
benes 

Free  carbon 

1  Carbenes 
Asphaltenes  minus  car 
benes 

Free  carbon 

Car  benes 

Asphaltenes  minus  car 
benes 


Percent 

1.7 
5.8 

92.  5 

1.  1 

12.5 

86.4 

.4 

o.  7 

96.9 
1.0 
7.  1 

91.9 
2.5 
6.4 

91.  1 

.3 

10.9 

88.8 

.4 

10.9 

88.7 


Distil- 
lation 
residue 


Percent 
1.4 
1.4 

97.2 
1.8 
6.8 

91.4 

.9 

4.1 

95.0 
1.0 
8.5 

90.5 
1.6 
8.1 

90.3 
2 

12'  7 

87.1 

.5 

12.3 

87.  2 


20-gram 
volatil- 
ization 
residue 


Percent 
2.4 

5.7 

91.  9 
1.2 
19.8 

79.0 

.5 

8.2 

91.3 
3.8 
16.0 

80.2 
6.2 
12.9 

80.9 

2.2 

21.2 

76.6 

1.7 

22.5 

75.8 


Asphal- 
tic resi- 
due 


/ '. )  Ci  III 

1.5 
4.1 

94.4 
2.1 


92.0 
1.8 
11.0 

87.2 
2.7 
8.2 

89.1 

.6 

9.2 

90.2 

.8 
13.0 


1 0-week 
expo- 
sure 

residue 


Percent 
2.9 
8.7 

88.4 
3.1 
20.8 

76.1 
7.3 
16.2 

76.5 
14.3 
20.0 

65.7 
10.4 
19.1 

70.5 
14.5 
21.9 

63.6 
11.3 
25.4 

63.3 


15-week 
expo- 
sure 

residue 


Percent 
4.7 
7.8 

87.5 
6.  7 
17.8 

75.5 
10.1 
16.6 

73.3 
17.5 
21.9 


15.4  I 

16  ;< 

67.7 
15. 9  ■ 
24.3 

59.8 
13.8 


Table 

9. — Composition  of  cylinders. 

for  Hubbard- Field  si 

ability  lest 

.0 

£J 

Series  2— distil- 
lation residue 

Series  2— as- 
phaltic residue 

C.    . 
caw 

itumen 

ries  1  c 

of    ser 

nal  ma 

ffj 

.«  w  C 

L 

cylinders 

cylinders 

<£—. 

3 

3 

©^- 

3 

3 

a° 

03  -S 

ca-S 

.ti-" 

*j  t> 

Identifi- 
fication 

1-   CO 

_-  B'C 

=  «5  ° 

„     -a 

a  3 

Si 

fen 

G"3 

'S-a 

^a 

_  3 

°o 

as 

la 

».9 

■"■a 

°J 

3  5 
"5 '3 

MC3 

s 

-25  " 

5?  0  « 

Is! 

03  £} 

3 -a 

fcuOp*. 

a?.-* 

ercen 
weig 
ders 
madi 

0  0  0 

53  >s 

a  a  a 

Cj  >  0 

3  fcfl 

§9 

o  a 

3  ty] 

a  a 

sa 

11 

a> 

Ph 

PL| 

Ph  o 

Ph 

Ph 

«  => 

Ph 

- 

A 

1.001 

7.0 

16.  1 

15.9 

78.9 

5.6 

13.1 

65.0 

4.7 

11.0 

B ._ 

1.013 

7.1 

16.0 

15.8 

79.4 

5.8 

13.3 

71.9 

5.2 

11.9  ■ 

C- 

0.942 

6.6 

15.9 

15.7 

74.0 

5.0 

12.3 

66.5 

4.5 

11.0 

D 

0.955 

6.7 

16.1 

15.9 

82.3 

5.6 

13.7 

75.1 

5.  1 

12.4  j 

E 

0.976 

6.8 

16.2 

15.9 

90.9 

6.3 

15.3 

66.5 

4.7 

11.3 

F 

1  066 

7.4 

16.3 

15.9 

88.0 

6.6 

14.7 

64.0 

4.9 

10. 9 

G _. 

1.079 

7.5 

16.  1 

15.9 

77.5 

5.9 

13.0 

63.9 

4.9 

10.7 

H 

1.  I'll 

7.  7 

16.4 

16.2 

87.7 

6.8 

14.7 

75.1 

5.9 

12. 7 

I. 

1.082 

7.5 

16.4 

16.0 

90.1 

6.8 

15.0 

75.9 

5.8 

12.  6  j 

K 

IKS 

7.6 

16.5 

16.2 

91.5 

7.0 

15.3 

78.1 

6.0 

13.  ll 

L._ 

0.972 

6.8 

16.3 

16.0 

84.4 

5.8 

14.  1 

65.1 

4.6 

11.2 

M 

0.967 

6.8 

16.  2 

16.0 

79.9 

5.5 

13.4 

65.3 

4.5 

n.al 

N 

0.981 

6.9 

16.5 

16.  2     89.  5 

6.2 

15.0 

70.2 

4.9 

11.81 

0- 

0.  972 

6.8 

16.4 

16.0 

ss    1 

6.1 

14.9 

65.2 

4.6 

n.  j  i 

P 

0.  967 

6.8 

16.2 

16.0 

78.6 

5.4 

13.2 

67.9 

4.7 

11.4  i 

R 

0.  979 

6.9 

16.6 

16.  2 

90.6 

6.3 

15.3 

71.2 

5.0 

12.1  j 

S 

0.952 

6.7 

16.3 

15.7 

83.9 

5.7 

14.1 

64.8 

4.4 

10.7 

T 

11  'ten 

6.7 

16.1 

15.9 

86.1 

5.9 

14.5 

68.9 

4.7 

11.  J  ! 

V 

0.966 

6.8 

16.4 

16.1 

88.2 

6.0 

14.7 

71.7 

5.0 

12.5 

X 

0.951 

6.7 

16.0 

15.  8 

72.3 

4.9 

12.0 

65.6 

4.5 

U.C  ! 

Y 

0.963 

6.8 

16.1 

15.9 

76.8 

5.3 

12.8 

71.1 

4.9 

11'.  Si 

Z 

0.972 

6.8 

16.0 

16.2 

83.2 

5.7 

13.8 

76.4 

5.3 

12.?  1 

2.  Cylinders  containing  asphaltic  residues  were  com-i- 
pressed  at  a  temperature  of  200°  F. 

3.  Cylinders  were  formed  without  tamping. 

4.  In  forming  cylinders  containing  orginal  material, 
pressure  was  released  as  soon  as  the  pressure  required 
was  reached.  With  cylinders  containing  distillation 
residues  and  asphaltic  residues  pressure  was  main- 
tained for  1  and  2  minutes  respectively.  In  forming 
cylinders  containing  asphaltic  residues  the  mold  was 
flooded  with  water  to  cool  to  room  temperature  as  soon 
as  maximum  pressure  was  reached. 

Determinations  made  on  the  compacted  specimens 
showed  the  cylinders  containing  original  material  tc 
have  an  average  of  34.3  percent  voids  in  the  minera 
aggregate  and  21.9  percent  voids  in  the  mix.  Thf 
average  percentage  of  voids  in  the  mineral  aggregate 
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Table  10. — Characteristics  and  stability  of  cylinders  of  series  l 


Original  material 

Distillation  residue 

Asphaltic  residue 

Identi- 
fication 

Stability 
at  77°  F. 

Float  at 
77°  F. 

Furol 
viscosity 
at  122°  F. 

Stability 
at  77"  F. 

Float 
at  122°  F. 

Stability 

at  77°  F 

Tenet  ra- 
tion at 
77°  F. 

A 

B 

175 
275 
100 
200 
200 
200 
150 
300 
325 
475 
275 
200 
350 
225 
175 
375 
150 
225 
225 
125 
175 
300 

9 
20 

2 

9 
36 
20 

8 
65 
75 
100 
24 

48 
25 

12 
17 
35 
46 
52 
8 
21 
53 

94 
205 

68 
199 
294 

94 

68 
297 
320 
478 
274 
151 
677 
300 
201 
735 
178 
300 
458 
111 
281 
613 

1,  100 
1,625 

750 
400 

375 

875 

1.000 

800 

825 

750 

675 

800 

375 

900 

750 

525 

475 

775 

1,050 

1,300 

1,  575 

57 
110 
59 
60 
31 
34 
62 
75 
57 
73 
51 
60 
62 
30 
82 
..ii 
46 
50 
59 
101 
122 
123 

■1,  125 

4,  775 

3,  400 
3,100 
3,650 

5,  25(1 
5,  875 
5,  525 
5,  075 
5.  250 

4,  375 
4.  150 

3,  750 
4,025 

4.  000 
4,  375 
3.  375 
3,500 
3,  575 
3,  950 
4,000 
4,400 

S7 

C.._ 

D 

95 

E 

F 

O 

H 

I... 

92 

K 

L 

93 

M 

1 12 

X 

105 

0 

till 

p.... 

107 

R 

s 

km; 

T 

V 

99 

X 

Y__ 

Z 

Hit 
85 

was  33.5  percent  for  the  cylinders  containing  distillation 
residues  and  32.9  percent  for  those  containing  asphaltic 
residues. 

The  results  of  the  stability  tests  on  cylinders  in  series 
1  are  given  in  table  10  and  of  those  on  series  2  are  given 
in  table  11.  All  results  are  the  average  of  three 
cylinders. 

STABILITY  OR  BONDING  STRENGTH  DEPENDS  NOT  ONLY  ON  THE 
CONSISTENCY  BUT  ALSO  ON  THE  INHERENT  PROPERTIES  OF 
THE  ASPHALTIC  BINDER 

The  results  given  in  table  10  are  shown  graphically  in 
figure  18.  The  stability  at  77°  F.  of  the  cylinders  made 
with  the  original  materials  is  plotted  against  the  Furol 
viscosity  at  122°  F.  and  the  float  test  at  77°  F.  The 
stability  of  the  cylinders  containing  distillation  residue 
is  plotted  against  results  of  float  tests  at  122°  F.  on 
the  distillation  residues.  In  the  case  of  the  cylinders 
containing  asphaltic  residues,  since  the  consistencies  of 
the  bitumen  are  all  approximately  the  same,  the 
stability  values  are  plotted  for  each  sample  inde- 
pendently. 


Examination  of  these  figures  shows  that  the  stabilities 
developed  b\  tlic  sand  mixes  in  which  the  original 
material  and  distillation  residues  were  used  as  binders 
are  roughly  proportional  to  the  consistency  of  the  con- 
tained bitumen  and  that,  for  the  same  viscosity, 
(Furol  at  122°  F.)  the  high-gravity  materials  give 
higher  stability  than  the  low-gravity  materials.  In 
genera]  the  asphaltic  residues  of  the  high-gravity 
materials  yield  the  higher  stabilities.  In  the  graph 
showing  the  stability  of  the  original  material  plotted 
against  the  time  of  float  at  77°  F.  it  is  seen  that  for  the 
same  time  of  float  the  high-gravity  materials  do  not 
give  the  higher  stabilities.  Since  these  high-gravity 
materials  have  higher  float-test  values  at  77°  V.  for  a 
given  viscosity  at  122°  F.  than  the  low-gravity  ma- 
terials, the  time  of  float  determined  at  the  temperature 
at  which  the  stability  test  is  made  may  he  a  better 
index  of  the  bonding  strength  than  the  Furol  viscosity 
test  run  at  a  higher  temperature. 

Examination  of  the  figure  shows  that  the  stabilities 
and  consequently  the  workability  of  mixtures  made 
with  samples  I  and  K  are  about  the  same  but  there 
is  a  difference  of  over  4(10  seconds  in  their  Fund  vis- 
cosities at  122°  F.  Samples  K  and  V  have  about  the 
same  viscosity  at  122°  F.  but,  as  measured  by  the  fioal 
test  at  77°  F.,  sample  K  is  twice  as  viscous  as  sample 
V.  The  mixture  made  with  sample  K  has  much  the 
greater  stability  and  it  would  be  more  difficult  to  proc- 
ess on  the  road. 

In  order  to  eliminate  materials  which  are  difficult  to 
process  at  normal  temperatures,  some  Slates  have  found 
it  necessary  to  include  in  their  specifications  a  maximum 
float-test  value  at  77°  F.  on  the  original  material  as 
well  as  a  Furol  viscosity  at  122°  or  140°  F.  There  is 
no  doubt  that  materials  of  the  same  consistency  as 
measured  by  the  viscosity  at  122°  F.  and  by  the 
penetration  at  77°  F.  of  the  asphaltic  residues,  have 
different  binding  values  and  that  the  seven  high-gra^  itj 
materials  included  in  this  study  have  the  greater  bond- 
ing strength  for  equivalent  consistencies  as  measured 
by  viscosity  or  penetration  of  the  asphaltic  residue. 

While  the  variations  in  stabilities  produced  by  the 
original  materials  may  l>e  due  largely  to  variations  in 


Table  11. — Characteristics  and  stability  of  cylinders  of  st 


Identification 


Stabil- 

!l  V  at 
77°F.of 
original 

mate 
rial 


X 


175 
275 
100 
200 
200 
200 
150 
300 
325 
475 
275 
200 
350 
225 
175 
375 
150 
225 
225 
125 
175 
300 


Oven  exposed  cylinders 


Stability  at  77°  F.  after 
exposure  for— 


1  day 


300 
475 
175 
325 
-in  i 
225 
175 
425 
450 
625 
325 
275 
425 
250 
300 
450 
175 
275 
300 
225 
300 
475 


7  daj  s 


350 
750 
400 
375 
225 
200 
275 
575 
675 
825 
525 
500 
700 
400 
700 
650 
325 
450 
475 
425 
500 
775 


14  days 


475 

1,000 

550 

650 

325 

425 

475 

975 

1,125 

1,  250 

575 

700 

1,000 

500 

925 

975 

525 

625 

775 

675 

750 

1,000 


Percentage  loss  of  bi- 
tumen in 


1  day     7  days    14  days 


Atmospheric  exposed  cylinders 


Stability    at 

after 


77°      F. 


5\veeks  lOweeks  15weeks 


700 

1,  Kill 

600 

Mill 

325 

(151 1 

675 

1.125 

1.375 

1,375 

675 

825 

950 

7HII 

1,000 

875 

700 

875 

850 

I.  inn 


1,150 
1,575 

025 

1 ,  1 25 
700 

1,475 

2,  775 

3,  17.. 

' 
1.  1511 
1,475 
1,575 
1 ,  025 
1,950 
1.725 
1.375 
1,525 
1.675 

1 .  875 

2.  250 
2,  575 


1,  225 
1,550 
1,300 
1,650 
1,050 

2,  775 
3,400 
4,675 
4,  050 
4,250 

2,075 

2,  125 
1,4(10 
2,  550 
2,  150 
1,850 
1 .  075 
2,050 

2,700 


Percent 

Miiiii-ti  in— 


5weeks  lOweeks  I5weeki 


17 

20 

0 

- 

11 

15 

'i 

12 

8 

10 

19 

24 

15 

19 

10 

I 

Distillation      resi- 

Asphaltic 

due  CJ 

inders 
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Figure   IS. —Relation    Between    the    Consistencies    of    Original    Materials,    Distillation    Residues,    and    Asphaltic 

Residues  and  the  Stability  at  77°  F.  of  Cylinders  of  Series  1. 


consistencies,  the  wide  differences  in  stability  produced 
by  asphaltic  residues  having  relatively  small  differences 
in  penetration  seem  to  indicate  that  factors  other  than 
consistency  influence  the  bonding  strength  of  these 
semisolid  residues. 

In  figure  19  the  loss  of  bitumen  in  the  cylinders 
exposed  in  cases  for  5  weeks  is  plotted  against  the  loss 
of  bitumen  in  the  cylinders  cured  in  an  oven  for  2  weeks. 
The  stability  of  the  exposed  cylinders  is  plotted  against 
the  stability  of  the  oven  cylinders.  Although  the  loss 
of  bitumen  is  about  the  same  for  both  methods  the 
stability  of  the  cylinders  exposed  for  5  weeks  is,  in  all 
cases  except  2  (samples  N  and  R),  greater  than  the  stabil- 
ity of  the  oven-cured  cylinders,  dust  as  changes  not 
entirely  due  to  loss  of  volatile  matter  produced  harden- 
ing and  inherent  changes  in  the  exposed  films,  so  here 
greater  bonding  strength  or  stability  is  developed  in  the 
exposed  cylinders  although  the  loss  of  volatile  matter 
is  practically  the  same  under  both  conditions  of  treat- 
ment . 


In  figure  20  the  data  for  the  cylinders  of  series  2* 
containing  distillation  residues  and  cylinders  exposed 
for  5  weeks  are  plotted  in  the  same  manner.  Although 
in  all  cases  the  distillation-residue  cylinders  represent  a 
greater  percentage  of  loss  of  bitumen  than  the  actual 
loss  occurring  in  5  weeks  of  exposure,  the  stabilities  of 
the  exposed  cylinders  are  greater  than  the  stabilities  of 
the  distillation-residue  cylinders  except  in  9  cases  and, 
of  those  9  cases,  7  of  the  materials  lost  at  least  6  percent 
more  in  the  distillation  test  than  did  the  cylinders 
exposed  for  5  weeks. 

Similar  comparisons  may  be  made  for  cylinders  ex- 
posed for  15  weeks  and  cylinders  containing  distillation 
and  asphaltic  residues.  However,  comparisons  are 
made  in  a  different  manner  in  figure  21  where  the  sta- 
bility and  the  percentage  of  loss  of  bitumen  of  the  ex- 
posed cylinders  and  the  theoretical  loss  of  the  cylinders 
containing  residues  are  plotted  for  each  sample.  It  is 
seen  that  the  stabilities  of  cylinders  exposed  for  15 
weeks  are  much  greater  than  the  stabilities  of  the  cvlin- 
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dors  containing  distillation  residues  except  in  the  case 
of  samples  A  and  B.  These  are  2  of  the  3  samples  which 
were  altered  to  the  greatest  extent  in  the  thin  film 
exposures.  The  loss  in  the  samples  exposed  for  15 
weeks  is  about  equal  to  the  loss  in  the  distillation  test, 
being-  a  little  higher  for  samples  F,  11,1,  and  K  but  not 
enough  to  account  for  the  much  higher  stabilities 
obtained  in  the  cylinders  of  these  materials  exposed  for 
15  weeks.  The  stabilities  of  the  cylinders  exposed  for 
15  weeks  do  not  reach  the  stabilities  of  the  correspond- 
ing cylinders  containing  asphaltic  residues  except  in  the 
case  of  sample  H,  which  was  one  of  t  he  materials  having 
the  highest  gravity,  and  neither  does  the  loss  of  bitu- 
men in  the  cylinders  exposed  for  15  weeks  approach  the 
loss  in  the  asphaltic  residue  test. 

It  lias  been  held  by  some  that  a  certain  amount  of 
material  insoluble  in  naphtha  is  essential  if  an  asphaltic 
material  has  or  is  to  develop  bonding  strength.  It  is 
of  interest  to  note  that  the  high-gravity  materials  which 
have  the  greatest  amount  of  material  insoluble  in  naph- 
tha, originally  have  higher  stabilities  than  the  low- 
gravity  materials  of  the  same  viscosity  at  122°  F.  and, 
with  the  exception  of  samples  A  and  B,  develop  the 
highest  stabilities  after  L5  weeks  exposure. 

In  connection  with  these  comparisons  of  stability,  it 
should  be  remembered  that  the  cylinder-  made  with 
residues  contained  material  of  uniform  consistency  dis- 
tributed evenly  throughout  the  entire  mass.  When 
the  cylinders  were  exposed  to  atmospheric  and  oven 
volatilization  the  evaporation  of  the  volatile  matter 
undoubtedly  was  greatest  at  the  surface  of  the  speci- 
mens and  the  cylinders  after  various  intervals  of  expo- 
sure no  doubt  had  a  bituminous  binder  of  variable  con- 
sistency. Differences  in  consistency  of  bituminous 
material  throughout  the  mass  of  the  exposed  cylinders 
may  be  considerable  during  the  earl)  stages  of  the 
exposure.  Figure  22  shows  the  percentage  of  loss  in 
thin  films  of  bitumen  compared    with    the   loss   in   cyl- 
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inders  exposed  for  15  weeks.  There  is  a  remarkable 
agreement  between  the  volatility  of  the  various  bitu- 
minous materials  under  widely  different  conditions.  It 
is  therefore  concluded  that  the  development  of  increased 
stability  or  bonding  strength  in  the  exposed  cylinders  is 
caused  by  the  same  conditions  which  are  responsible 
for  the  greater  hardening  and  changes  in  the  inherent 
structure  of  the  bituminous  materials  when  exposed  in 
the  thin  films  to  atmospheric  conditions. 

SUMMARY  OF  CONCLUSIONS 

It  is  realized  that  the  exposure  of  thin  films  of  the 
original  materials  and  the  exposure  of  the  materials 
admixed  with  a  mineral  aggregate  in  the  form  of  cyl- 
inders are  not  comparable  to  service  conditions;  but 
bituminous  surfaces  containing  materials  similar  to  these 
indicate  the  beginning  of  deterioration  by  incipient 
surface  failures.  The  effects  of  weathering  on  the 
original  materials  and  mixtures  of  original  materials 
with  mineral  aggregate  should  prove  of  value  in  antici- 
pating service  behavior.  The  tendency  of  road  sur- 
faces to  ravel  and  dust,  the  necessity  for  the  use  of 
additional  oil  in  reprocessing,  and  the  frequency  of 
retreatments  or  reprocessing  required  are  all  related 
to  the  weather  resisting  properties  of  the  bituminous 
binder. 

This  investigation  was  undertaken  to  determine  the 
adequaney  of  present  laboratory  tests  in  determining 
the  weathering  characteristics  of  slow-curing  liquid 
asphaltic  road  materials.  The  work  is  being  continued 
with  materials  from  other  sources  and  processes  and, 
while  at  this  time  no  particular  laboratory  tests  or 
combinations  of  tests  are  recommended,  the  following 
conclusions  based  on  the  data  developed  seem  justified: 

1.  The  high-gravity  materials  and  their  residues 
which  were  studied  are  more  susceptible  to  temperature 
changes  than  the  low-gravity  materials  and  their 
residues  with  the  exception  of  the  materials  A  and  B. 

2.  For  materials  from  the  same  source  the  amount  of 
asphaltic  residue  generally  increases  with  increase  in 
Furol  viscosity  and  generally  decreases  with  increases 
in  distillation  and  volatilization  loss.  Certain  excep- 
tions to  this  relation  have  been  noted. 

3.  The  asphaltic-residue  test,  when  used  alone,  does 
not  indicate  the  probable  rate  of  loss  of  volatile  matter 


in  the  material  under  exposure  even  though  the  time  of 
reduction  to  the  specified  penetration  is  considered. 

4.  The  distillation  test  more  nearly  indicates  the 
ultimate  loss  which  occurs  in  thin  films  and  mixed 
samples  exposed  to  the  sun  and  air.  The  relative 
rates  of  volatilization  of  the  various  materials  investi- 
gated can  more  readily  be  anticipated  from  the  distilla- 
tion curves  than  from  the  oven  volatilization  test  or 
the  asphaltic  residue  test  alone. 

5.  There  is  more  artificial  hardening  due  to  causes 
other  than  loss  of  volatile  matter,  in  samples  exposed  to 
atmospheric  conditions  than  in  samples  submitted  to 
the  various  laboratory  heat  tests. 

6.  The  development  of  a  ductile  residue  in  the  as- 
phaltic residue  test  does  not  indicate  that  the  material 
will  develop  a  ductile  residue  when  exposed  to  the  sun. 

7.  Changes  in  inherent  characteristics,  which  may 
be  attributed  to  chemical  action,  namely,  oxidation, 
polymerization  and  carbonization,  take  place  to  the 
greatest  extent  under  exposure  to  the  sun  and  least 
during  distillation. 

8.  Carbonization  does  not  occur  during  laboratory 
heat  tests  or  outdoor  exposure,  as  made  in  this  study, 
in  those  materials  which  originally  have  little  or  no 
matter  insoluble  in  carbon  tetrachloride.  It  does 
occur  in  materials  which  initially  have  some  material 
insoluble  in  carbon  disulphide  and  appreciable  amounts 
insoluble  in  carbon  tetrachloride.  Specifications  calling 
for  high  solubility  in  carbon  disulphide  and  carbon 
tetrachloride  will  be  advantageous  in  minimizing  the 
possibilities  of  carbonization  playing  a  part  in  the 
weathering  of  the  materials  in  road  service. 

9.  The  bonding  strengths  of  the  original  materials 
are  roughly  proportional  to  their  consistencies. 

10.  Asphaltic  residues  of  approximately  the  same 
penetration,  when  admixed  with  a  standard  sand,  do 
not  always  have  the  same  bonding  strength  or  stability. 

11.  None  of  the  laboratory  tests  now  used  to  indicate 
probable  service  behavior  produce  residues  which 
either  alone  or  in  mixtures  are  as  much  altered  as  are 
those  developed  under  the  exposure  as  made  in  this 
investigation. 

12.  The  bonding  strength  or  stability  of  mineral 
aggregate  mixed  with  liquid  asphaltic  materials  of  the 
kind  studied  depends  upon  characteristics  which  cannot 
be  ascertained  under  the  present  method  of  testing. 
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SOME  ASPECTS  OF  PORTLAND  CEMENT 
CONCRETE  PAVEMENT  CONSTRUCTION 

BY  THE  DIVISION  OF  MANAGEMENT,  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 

Reported  by  WILLIAM  A.  BLANCHETTE,   Highway  Engineer 


STUDIES  of  production  in  highway  construct  ion 
have  been  made  by  the  Division  of  Management  of 
the  Bureau  of  Public  Roads  from  1923  to  the 
present  year.  These  studies  have  included  grading  and 
surfacing  of  nearly  all  types  of  highways  in  practically 
all  sections  of  the  United  States. 

The  number  and  mileages  of  concrete  roads  con- 
structed and  the  magnitude  of  the  funds  invested  in 
them  justify  considerable  study.  During  1930  ap- 
proximately 10,000  miles  of  portland  cement  concrete 
pavements  were  laid  on  rural  highways  of  which  8,500 
miles  were  on  State  systems.  In  1930  the  average  cost 
per  mile  of  a  20-foot  concrete  surface,  exclusive  of 
engineering,  drainage  structures,  and  rough  grading, 
was  about  $22,500,  a  total  cost  of  approximately 
$225,000,000  for  the  year.  A  greater  efficiency  in  such 
arge-scale  production  will  result  in  correspondingly 
essened  costs  to  the  public. 

In  the  studies  here  reported,  data  were  collected 
'elative  to  personnel,  equipment,  and  efficiency  of 
)peration.  The  causes  of  efficiency  on  certain  projects 
vere  analyzed.  Between  1923  and  1929  numerous 
hanges  were  made  in  types  and  sizes  of  equipment  used 
md  in  methods  of  construction.  From  1929  to  June 
.934  changes  have  not  been  so  extensive.  This  dis- 
ussion  is  based  upon  investigations  made  during  the 
atter  period. 

EFFICIENCY  IN  CONSTRUCTION  GREATLY  IMPROVED  IN 
RECENT  YEARS 

The  following  observations  and  conclusions  arc  a 
esult  of  these  studies: 

1.  The  equipment  used  in  concrete  surfacing  is 
sasonably  well  standardized  as  to  type,  capacity,  and 
umber  of  units. 

2.  The  number  of  men  employed  on  a  concrete  paving 
;>b   varies   between   wide    limits.     The   average    per- 

Ipnnel,  exclusive  of  truck  drivers,  on  the  34  projects 
Inalyzed  numbered  68  men  with  a  minimum  of  42  and 

maximum  of  98. 
ji  3.  The  combination  of  personnel  and  equipment  on 
tfmcrete  paving  projects  observed  was  usually  adequate 

to  the  handling  of  the  maximum  possible  production 

|  the  key  equipment. 

4.  There  is  considerable  difference  in  the  over-all 
•fficiency  with  which  different  contractors  operate  the 
lajor  or  key  equipment.  The  average  over-all  effi- 
iency  of  operation  of  key  equipment  on  projects 
liudied  in  1929  and  1930  was  78  percent,  with  a  mini- 
mum of  47  percent  and  a  maximum  of  97  percent.  The 
tferage  efficiency  of  operation  of  key  equipment  on 
]|  projects  studied  between  1923  and  1928  was  55  per- 
(jnt,  with  a  minimum  of  42  percent  and  a  maximum  of 
(  percent.  There  appears  to  have  been  an  increase 
ij efficiency  in  recent  years. 

5.  The  efficiency  of  operation  of  major  equipment  is  a 
nsonably  accurate  measure  of  the  efficiency  with 
viich  the  entire  paving  organization  is  operated.  It  is 
a  indication  of  the  type  of  supervision  employed. 
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0.  Unnecessary  interference  by  inspectors  tends  to 
lower  operating  efficiency  and  to  discourage  employ- 
ment of  adequate  supervision. 

7.  About  30  percent  of  the  total  cost  of  n  concrete 
pavement  is  for  cement  delivered  to  the  project 
Twenty-nine  percent  is  for  aggregates  delivered  to  the 
project.  Thirty-seven  percent  of  the  cost  of  cement  and 
aggregates  delivered  is  lor  transportation.  The  equip- 
ment cost  is  9  percent  and  the  labor  cost  is  11  percent 
of  the  total  cost  of  a  concrete  pavement  (exclusive  of 
rough  grading,  etc.)  The  daily  cost  for  labor  ami 
equipment  is  almost  constant  regardless  of  quantity  of 
production.  The  unit  cost  for  these  two  items  varies 
almost  inversely  with  the  efficiency  of  operation. 

S.  The  cement  factors  used  on  the  projects  analyzed 
varied  from  1.23  to  2.10  barrels  of  cement  per  cubic 
yard  of  concrete. 

9.  The  present  method  of  combining  the  cement, 
aggregates,  and  water  into  concrete  does  not  produce  a 
homogeneous  mass  in  which  these  ingredients  are  uni- 
formly distributed  throughout  the  mass. 

10.  Present  methods  of  placing  and  finishing  the 
concrete  require  fairly  wet  mixtures,  resulting  in  excess 
water  which  decreases  the  potential  strength  of  the  con- 
crete. 

PERSONNEL  AND  EQUIPMENT  DESCRIBED 

The  construction  of  a  concrete  pavement  requires 
several  separate  operations.  The  subgrade  must  he 
prepared.  The  forms  must  he  set  in  place.  Cement, 
fine  and  coarse  aggregate  and  water  must  he  delivered 
to  the  paver  and  mixed.  The  mixed  concrete  must 
he  deposited  on  the  subgrade,  spread,  finished,  and 
cured.  These  major  operations  are  performed  on  all 
concrete  paving  projects. 

Minor  operations  such  as  the  delivery  and  placing  of 
reinforcing  steel,  joints,  etc.,  must  he  performed  also. 
Each  operation  requires  certain  pieces  of  equipment. 
Table  1  shows  the  equipment  used  on  38  concrete  pav- 
ing projects  studied  (luring  L929  and  1930.  These 
projects  were  located  in  18  States  and  represent  nearly 
every  section  of  the  United  States.  The  equipment 
listed  in  table  l  is  typical  of  equipment  used  generally  in 
concrete  paving.  This  table  shows  the  average  length 
of  haul  from  the  material  yard  to  the  paver  in  miles 
during  the  period  of  the  production  study. 

Trucks  were  used  for  hauling  batches  except  on  one 
project  where  an  industrial  railway  was  used.  Single- 
batch  trucks  were  used  on  12  projects;  2-batch  truck- 
on  13  projects;  3-batch  trucks  on  12  projects,  and  4- 
batch  trucks  on  2  projects  on  which  2-  and  3-bal 
t  rucks  were  also  used. 

The  mixing  on  all  of  the  project-  was  done  in  sland- 
ird  pavers  of  the  27  E  type.  A  finishing  machine  was 
ii^ed  on  all  hut  5  projects.  On  these  .">  projects,  1  in  1 
State  and  1  in  another,  all  finishing  was  done  by  hand 

Table  2  shows  the  personnel  employed  on  the  3s 
projects.  On  34  of  them  the  mixing  was  done  by  one 
27-E  paver.     On  the  remaining  4  projects,  two  27   E 
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Table  1.-  -Summary  of  equipment  used  on  projects  studied  in  1929  and  1930 
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pavers  were  used  either  parallel  or  in  tandem.  Table 
'_'  shows  a  wide  variation  between  projects  both  as  to  the 
total  number  of  men  employed  and  the  number  em- 
ployed to  perform  various  operations.  The  major  oper- 
1 1 ions  are  relisted  in  table  3  which  gives,  for  purposes 
of  comparison,  analyses  of  the  numbers  of  men  required 
lor  each  operation  on  34  paving  projects  iisjul;-  ;i  single 
paver  and  those  required  on  4  projects  using  2  pavers 
each. 

The  size  of  the  crew  necessary  for  fine  grading  is 
affected  by  several  factors:  The  amount  and  character 
of  the  material  to  be  moved,  the  amount  and  kind  of 
equipment  used,  the  efficiency  of  operation,  and  the 
rate  at  which  pavement  is  being  laid.     The  fine-grading 


crew  varies  considerably  from  job  to  job  as  is  shown  in 
table  2,  with  a  minimum  of  3  men  on  one  project  and  a 
maximum  of  23  men  on  another  project.  The  average 
number  of  men  on  all  34  projects  was  13. 

The  handling  and  setting  of  forms  consists  in  remov- 
ing the  forms  from  the  finished  and  hardened  pavement, 
transporting  and  distributing  them  where  they  are  to 
be  reset,  shaping  the  form  trench,  setting,  lining  up 
and  pinning  the  forms  to  the  subgrade,  and,  finally, 
checking  the  form  line.  The  number  of  men  used  to 
perform  this  operation  varies  considerably,  although 
the  methods  are  more  or  less  standardized.  The  aver- 
age number  of  men  required  was  1 1 .  The  chief  reasons 
for  variation  in  the  number  of  men  employed  are  the 
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Table  1. — Summary  of  equipment  used  on  projects  studied  in  1929  and  1930     Continued 
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l  ,  ihaping  the  subgrade  with  a  tractor-drawn  grader;  B.  excavating  trench  for  forms;  C.  setting  and  lining  up  forms;  D.  the  "subgrader"  does  the  final  shaping,  leaving 

excess  material  in  furrows  for  removal  by  hand  shovels  or  fresnos. 

Steps  in  Shaping  the  Subgrade. 


and  on  joints,  varied  from  a  minimum  of  6  to  a  maxi- 
mum of  23  with  an  average  of  11. 

Setting  steel,  which  includes  both  the  longitudinal 
steel  joint  and  reinforcing  steel,  required  an  average  of 
2  men  on  each  of  the  34  projects.  The  number  varied 
from  1  to  7  for  individual  projects.     ( )n  several  projects 


neither  longitudinal  joint  steel  nor  reinforcing  steel  was 
used. 

The  number  of  men  employed  in  curing  the  concrete 
varied  from  1  to  15,  depending  on  the  method  of  curing, 
the  amount  of  slab  to  be  cured  and  the  efficiency  with 
which  the  curing  operation  was  performed.  An  aver- 
age of  8  men  was  used  for  this  work. 
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Table    3.— Analysis    of    number   of   men    required  for   different      l  m,,.,,    i.     Labor   and   equ 


operations 


Foi   ;i  projects  using  a  single  paver 

Avei 

<  >perat  ion 

Number  of  projects  employing  num- 
bers df  men  between 

\  \  n 

age 
nuin- 
bei  of 

men 

num- 
ber of 

men 
on  i 

0-5 

6  10 

il   15 

16  20 

21  25 

26  up 

proj- 
ects 
using 

2  pav- 
ers 

Fine  grading _    ... 

3 

4 

1 

1 

34 

4 
15 

2 
8 

18 
8 

20 
12 

8 
6 
Hi 
6 

1 
1 
1 
3 

i 

13 

11 

14 
15 

2 
11 

2 
8 
3 
2 

Handling  and  setting  forms 
Handling  materials 

l.i 
15 

Hauling  batches 

Mixing . 

Finishing 

16 

I 

3 

1 

Setting  steel 

34 
13 
30 
34 

is 
3 
7 
8 
2 

Curing 

12 
3 

9 
1 

Miscellaneous  ... 

Supervision 

Grand  total  all  personnel 

Total  exclusive  of  truck  dn 

vers 

68 

equipment    required    on    average    concret 
paving  project  as  estimated  from  study  of  34  projects     Continued 

FINISHING  . 


Number  and  type  of 
equipment  units 

Number  and  cla 
men  employed 

Finishing  n 

achine. 

i 

t  puddlers    and 
ers. 

1  finishing    m  a  c  h  i  n  " 

opei 
3  hand   flnishei  . 

2  hand  finisher:  .  joinl 
1  hand  flnishei .  e  1 

II 

1  to  3 

Belts     

1 

Small  lools 

Bridges...  

1 

Total 

-i    I   PING   STEEL 


2  laborers. 


CURING 


Burlap,  road  feet. . . 
Table  l.-Labor    and    equipment    required    on    average    concret,  |  cWagent'lppLatu 
paving  project  as  estimated  from  study  of  34  projects 


FINE    GRADING 


Blade  grader 

Tractors. 

Scarifiers 

Subgraders 

Subgrade  planers . 

Rollers 

Fresnos 

Fresno  teams 


Total. 


Number  and  t.j  pe  of 
equipment  units 


Number  and  class  of 
men  employed 


i.  s  to  12-foot  blade.... 
l,  30  to  75  horse-power 


1,  heavy,  metal. 

1,  3  to  15-ton.... 

2,  3-foot 

2,  2-horse... 


1  foreman. 

1  tractor  operatoi 

1  blade  grader  operator 

1  roller  operator. 

2  teamsters. 

2  laborers  in  rearof  pa  ver. 


5  Laborers 
paver 


ahead      of 


HANDLING  AND  SETTING  FORMS 


Forms,  lineal  feet... 

4,300  steel 

1  form  foreman. 

2  form  setters. 

2  form  setters'  helpers. 
1  teamster      or      truck 

driver.              ^ 
1  teamster's  helper. 
4  laborers. 

Teams _ 

1,  2-horse 

Trucks 

1 

Form  trenchers 

1... 

Total 

II  INDLING  MATERIALS 

Crane 

1,    Vi   to   2  cubic  yard 

capacity. 
1.. 

I  plant  foreman. 

1  crane  operator. 
l  batcher  operatoi 
irers  in  cars 

6  cement     handlers, 
1 1.  dump. 

Batcher  bins 

Cement  house 

1  .. 

Pumps  (water).. 

Pipe  line,  lineal  feet 

1     

25,000,  2,  21,,  3-inch.,... 

250 

Hose,  lineal  feet 

Truck  service 

1 

1  laborer  on  pipe  line. 

1  pump  operator. 

I  truck  dri\  er,  sen  ice 

Total.. 

H  \(  LING   H  \  l  CHES 

Trucks 

ie  i  i"  i  batches 
1 

13  truck  drivers,  •.  iriable 
1  truck  dumpei 
l  turntable  operator  or 
truck  checker 

Turntable. 

Total 

MIXIM, 

Pavers 

Total 

1,27-K     

l  foreman 

l  paver  operator. 

urmg  agent  apparatus. 
Total 


1,300. 
400... 


2  laborers,  burlap 
61aborei 


MISCELLANEOI  S 


Total. 


i  w  atchman, 

1  water  hoy 

l  mechanic 


SUPERVISION 


Total.... |. 

Total  exclusive  of  truck  drivers 
Grand  total. 


1  superintendent, 
i  timekei 


Sh  WISG    THE    SUBGR  WH'. 

The  equipment  and  the  personnel  on  the  average 
project,  as  judged  from  34  projects,  arc  shown  in  table 
4,  which  gives  the  approximate  distribution  of  person- 
nel  performing   each  operation,     This  table  shows  an 

average  of   68   men    employed    to   operate   a    i [era 

paving  outfit  exclusive  of  the  operators  of  hauling  equip- 
ment. "Miscellaneous"  as  used  in  table  4  includes 
watchman,  water  boy,  and  mechanic.  "Supervision" 
includes  the  superintendent   and  timekeeper. 

Table  2  shows  that  the  total  personnel  exclusive  of 
truck  drivers  and  steel  crew  on  the  paving  projects 
employing  a  single  '-'7  E  paver  varied  between  38  and 
93,  a  difference  of  55  men. 
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In  general,  the  number  of  men  employed  to  operate 

concrete  paving  outfit  should  be  sufficient  to  perform 
all  of  the  operations  when  the  paver  is  working  at  maxi- 
mum production.  Considerable  physical  exertion  is 
required  of  workers  and  assignments  should  be  such 
that  the  work  can  be  accomplished  by  uniform  sustained 
effort  and  without  injury  to  the  men. 

The  type  of  supervision  exercised  over  workers  \  aries 
considerably.  Some  operations  require  a  definite 
number  of  men  regardless  of  the  amount  of  work  they 
have  to  do.  Utilization  of  the  capacity  of  workmen 
performing  various  operations  may  vary  considerably. 
Again,  the  number  of  men  that  the  contractor  must 
employ  to  perform  an  operation  may  be  and  sometimes 
is  regulated  by  arbitrary  requirements  of  the  engineer 
or  inspector  rather  than  by  the  amount  of  work  to  be 
done. 

The  number  of  men  employed  is  regulated  by  a  com- 
bination of  the  following  influences:  The  maximum 
possible  rate  of  production  of  the  paver,  the  volume 
and  character  of  fine  grading,  the  lineal  feet  of  trans- 
verse joints  to  be  finished  per  square  yard  of  pavement, 
methods  employed,  arbitrary  requirements,  type  of 
supervision  given,  and  extent  to  which  machinery  is 
used.  It  is  believed  that  the  combination  of  personnel 
and  equipment  employed  on  the  majority  of  projects 
studied  was  sufficient  to  handle  full  paver  production, 
and  that  the  personnel  in  many  instances  was  more  than 
sufficient. 

NO    CONSISTENT    RELATION    FOUND    BETWEEN    NUMBER    OF    MEN 
EMPLOYED  AND  EFFICENCY  OF  OPERATION 

To  analyze  the  interrelation  that  may  exist  between 
number  of  men  employed,  maximum  possible  produc- 
tion, and  over-all  efficiency  of  paver  operation,  table  5 
has  been  prepared,  based  on  23  of  the  projects  studied. 
The  information  contained  in  this  table  is  shown  also 
in  figure  1.  There  is  a  general  relation  between  the 
number  of  men  employed  and  the  maximum  possible 
rate  of  production  although  this  relation  is  by  no 
means  definite.  The  relation  between  number  of  men 
and  efficiency  of  paver  operation  is  even  less  definite, 
showing  that  there  are  other  factors  besides  production 
and  efficiency  which  regulate  the  size  of  a  working  force. 

Table  5. — Comparison  of  number  of  men  employed,  over-all  effi- 
ciency,  ami  maximum  possible  production 


Project 

Men  em- 
ployed 
exclusive 
of  truck 
drivers  and 
steel  crew 

Over-all 

efficiency. 

percent 

Maximum 
possible 

production 
in  cubic 

yards  per 

hour  ■ 

Maine  no.  1 

46 
47 
51 
51 
56 
57 
57 
59 
61 
63 
64 
64 
55 
66 
09 
69 
72 
74 
80 
82 
88 
93 
93 

66.  4 
47.4 
82,  1 
81.8 
76.  0 
87,  2 
96  B 
87.9 
80.  3 
86,  4 
87.4 
81.8 
91.0 
50  9 
65.  6 
93.5 
S3.  2 
79.6 
95.3 
75.7 
59.1 
95.  5 
90.1 

40.7 
50.6 
39.6 
42.  5 
38.6 
41.0 
51.5 
51.2 
44.0 
44.7 
51.1 
52.  t 
43  7 
52.  8 
49.4 
50.  2 
44.0 
47.7 
19.6 
58.6 
48.6 
59.  4 
34.3 

California  no.  3 

Louisiana  no.  2-..  ...  

Washington  no.  3 

New  Jersey  no.  1 

Louisiana  no.  1. . 

Washington  no.  4..   .  ..  . 

Washington  no.  2 

Louisiana  no.  3 

Tennessee  no.  6 

Colorado  no.  1 

Tennessee  no.  2 

Louisiana  no.  4 

Texas  no.  1.. 

Tennessee  no.  4 

Washington  no.  1 

Tennessee  no.  5 

Nebraska  no.  1.     . 

California  no.  2 

Texas  no.  2 

Tennessee  no.  8 

California  no.  4 

South  Carolina  no.  1... 

i  The  maximum  possible  production  is  regulated  by  the  specified  mixing  time  the 
size  of  batch  and  the  time  constants  of  the  paver  for  charging  and  discharging.  ' 
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1  -  •      MEN    EMPLOYED  -  EXCLUSIVE  OF  TRUCK  DRIVERS  AND  STEEL  CREW 

2  -  *      OVERALL   EFFICIENCY  OF  PAVER  OPERATION  -  PERCENT 

3-»      MAXIMUM   POSSIBLE  PRODUCTION    IN  CUBIC  YARDS    PER   HOUR 

Figure   1. — Relation  Between  Size  of  Force,  Efficiency 
and  Production. 

Table  6. —  Comparison  of  number  of  finishers  (finishing  machine 
operator,  spaders,  and  puddlers),  lineal  feet  of  transverse  joint  per 
square  yard  of  pavement  and  maximum  possible  production 


Project 


Louisiana  no.  2 . . 

Louisiana  no.  4 

Louisiana  no.  3 

Tennessee  no.  3. . .   . 

Tennessee  no.  5 

Tennessee  no.  6...   - 

Michigan  no.  1 

Tennessee  no.  1 

Tennessee  no.  2 

Missouri  no.  1 

Colorado  no.  1 

Iowa  no.  1 

Louisiana  no.  1 

Tennessee  no.  4 

Maine  no.  1. 

New  Jersey  no.  1 

Texas  no.  1. 

South  Carolina  no.  1 

Oregon  no.  1 

Tennessee  no.  7 

Arkansas  no.  1 

Wisconsin  no.  1. 

Washington  no.  4... 
Nebraska  no.  1..-  .. 
Washington  no.  1 . . . 
Washington  no.  3  . 
California  no.  3. .  .  . 
Washington  no.  2. . . 
Washington  no.  5... 

Texas  no.  2 

California  no.  1 

Tennessee  no.  8 

California  no.  2 

California  no.  4 


Number  of 
finishers 
including 
finishing 
machine 
operator, 

spaders,  and 
puddlers 


Lineal  feet 
of  trans- 
verse joint 
per  square 
yard 


None 
None 
None 

II   Ills 

.018 

.018 

.09 

.018 

.018 

.09 

.15 

None 

None 
.018 
.23 
.26 
.  11 
.22 
.45 
.018 

'  .18 
.18 
.45 

None 
.45 
.45 
.45 
.4.5 
.45 
.  11 
.45 
.018 
.45 
.45 


Maximum 
possible 

production 
in  cubic 

yards  per 
hour 


39.6 
43.7 
44.0 
48.0 
44.0 
44.7 
44.9 
49.0 
52.4 
36.8 
51.1 
43.4 
41.0 
49.4 
40.7 
38.6 
52.8 
34.3 
40.6 
49.5 
47.5 
44.0 
51.5 
47.7 
50.2 
42.5 
50.6 
51.2 
52.7 
58.6 
52.0 
48.6 
49.6 
59.4 


Table  6  gives  the  relation  between  the  number  of  j 
finishers    (finishing    machine    operator,    spaders,    and 
puddlers),  the  lineal  feet  of  transverse  joint  per  square 
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yard  of  pavement  and  the  maximum  possible  paver 
production  on  34  projects.  Figure  2  also  shows  this 
information.  No  direct  relation  between  these  factors 
is  evident. 

EFFICIENCY  OF  PAVER  OPERATION  IS  GENERALLY  AN  INDICATION 
OF  EFFICIENCY  OF  ENTIRE  ORGANIZATION 

The  efficiency  with  which  concrete  paving  is  placed  is 
indicated  by  the  studies.  It  is  true  that  the  efficiency 
with  which  the  paver  is  operated  may  or  may  not  meas- 
ure the  efficiency  of  the  paving  outfit  as  a  whole.  The 
efficiency  of  the  entire  organization  is  of  primary  inter- 
est to  the  contractor  in  that  it  regulates  his  unit  costs 
for  personnel  and  equipment.  It  sometimes  happens 
that,  although  the  paver  operates  with  a  high  degree  of 
efficiency,  it  does  so  with  an  oversupply  of  hauling 
equipment.  Other  operations  than  hauling  may  also 
be  over-ecpiipped  or  over-manned.  It  may  happen 
that  the  personnel  and  equipment  for  hauling,  subgrade 
preparation,  and  other  operations  have  a  high  degree  of 
efficiency,  while  the  paver  has  a  low  degree  of  efficienc}^. 
Or  it  may  be  that  the  paver  operates  at  a  consistently 
low  rate,  but  because  of  that  consistency  the  production 
can  be  handled  by  a  reduced  personnel.  These  condi- 
tions are  the  exception  rather  than  the  rule. 


In  general,  the  efficiency  of  the  paver  is  a  close  indi- 
cation of  the  efficiency  of  the  entire  organization  which 
is  in  turn  an  index  of  the  type  of  supervision  employed. 
The  contractor  or  superintendent  who  operates  the 
paver  efficiently  is  likely  to  be  equally  efficient  in  all 
operations.  Similarly,  inefficiency  in  paver  operation 
is  often  attended  by  inefficiency  in  most  other  operations. 

The  paver  is  the  key  equipment  on  a  concrete  paving 
project  and  should  set  the  pace  for  the  entire  paving 
organization.  It  has  a  maximum  capacity  of  a  defi- 
nite number  of  batches  per  hour  for  the  specified  mixing 
time.  It  cannot  exceed  this  production.  When  the 
production  of  the  paver  falls  below  this  maximum  num- 
ber of  batches  the  efficiency  of  the  organization  in 
general  is  lowered. 

A  definite  number  of  men  is  required  to  operate  the 
equipment  and  to  perforin  nearly  every  operation. 
This  number  of  men  cannot  be  changed  as  the  rate  of 
production  changes.  The  number  required  to  operate 
the  outfit  at  maximum  production  of  the  key  equip- 
ment must  be  employed,  for  on  the  most  inefficient 
jobs  studied,  there  were  times  during  nearly  every  day 
when  the  paver  was  operating  at  close  to  its  maximum 
production. 
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Figure  2.— Relation  Between  Number  of  Finishers,  Joint  Spacing  and  Possible  Production. 
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PREVENTABLE  DELAYS  FOUND  ON  MANY  PROJECTS 

Analysis  of  these  tables  shows  characteristics  of  paver 
operation  and  the  factors  affecting  the  rate  of  produc- 
tion. The  production  of  a  batch  of  concrete  consists 
of  three  operations:  Raising  the  paver  skip  to  charge 
the  drum,  mixing  the  batch,  and  discharging  the  batch 
from  the  drum  to  the  paver  bucket.  In  correct  opera- 
tion the  raising  of  the  skip  overlaps  the  discharge  of  the 
preceding  butch.  Whenever  the  paver  ceases  to  per- 
form one  of  the  three  operations  its  efficiency  is  low  ered. 
The  project  reported  in  table  7  was  operated  with  high 
efficiency.  With  a  mixing  cycle  of  74.1  second-,  repre- 
senting the  time  to  charge,  mix,  and  discharge,  the 
maximum  production  possible  was  48.5  batches  per 
hour.  The  over-all  efficiency  on  this  project  during 
the  entire  production  study  was  96.8  percenl 


Failure  of  outfits  to  maintain  a  high  rate  of  produc- 
tion was  noi  the  result  of  insufficient  personnel,  hut  of 
intermittent  delays  of  varying  lengths.  A  high  rate 
of  production  requires  no  greater  rale  of  physical 
exertion  on  the  part  of  workers  than  does  a  low  and 
fluctuating  rate  of  production. 

Before  discussing  the  efficiency  of  operation  of  major 
equipment,  an  outline  will  be  given  of  the  manner  in 
which  efficiency  was  determined.  An  engineer  with 
one  or  more  assistants  was  assigned  to  the  project  to  he 
studied.  In  general,  the  duration  of  the  study  was 
from  1  to  2  months.  During  the  study  an  accurate 
record  was  kept  of  the  total  available  working  time. 
The  term  "available  working  time"  is  defined  as  the 
time  a  crew  was  actually  on  the  job,  or  the  time  it  would 
have  been  on  the  job  had  there  been  no  interference  In 
the  elements  or  other  contingencies,  consideration  being- 
given  to  the  customs  of  the  region  and  the  practices  of 
the  contractor  in  regard  to  length  of  working  day,  holi- 
days, etc.  If  a  9-hour  day  is  customary  with  7  hours 
work  on  Saturday,  and  holidays  off,  the  available  work- 
ing time  for  a  week  in  which  no  holiday  occurs,  will  be 
52  hours  plus  any  overtime,  regardless  of  how  much 
time  was  actually  lost  because  of  rain,  breakdowns,  or 
other  causes. 

An  accurate  record  was  kept  of  all  major  delays. 
The  term  "major  delays",  as  used  throughout  this  re- 
port, indicates  a  delay  of  15  minutes  or  more  during  the 
available  working  time.  A  delay  of  less  than  15  minutes 
is  termed  a  "minor  delay."  The  division  between 
major  delay  and  minor  delay  at  15  minutes  is  chosen 
arbitrarily.  In  general,  the  major  equipment  will 
cease  to  operate  during  a  major  delay  or  the  outfit  may 
be  shut  down  entirely  as  is  usually  the  case  during  del  a  \  - 
due  to  rain  or  wet  subgrade.  During  the  shorter  major 
delays  the  entire  organization  may  be  on  the  job  and 
drawing  pay.  The  total  available  working  time  minus 
the  total  major  delays  gives  the  time  the  major  equip- 
ment actually  operated. 

Minor  delays  are  intermittent  interruptions  that 
range  from  a  few  seconds  up  to  15  minutes.  Such  delays 
are  determined  by  stop-watch  studies  of  operations. 
A  stop-watch  study  period  was  usually  of  1  hour's 
duration.  From  2  to  4  such  studies  were  made  each 
day  that  the  paver  operated.  The  results  of  2  stop- 
watch studies,  1  on  a  project  operating  with  high 
efficiency  and  the  other  on  a  project  operating  with  low 
efficiency,  are  shown  in  tables  7  and  8. 


Table  7.—  Result  oj  typical  stop-watch  study  <■  operating 

with  high  efficiency 

[Drum  revolutions,  16.5  per  minute.] 
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Table  8. —  Result  of  typical  stop-watch  study  "J  project  operating 

with  poor  <  fficit  ncy 

[Drum  revolutions  15.5  per  minute] 
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A,  a  standard  type  of  paver  with  subgrade  planer  attached  for  smoothing  irregularities  in  snhgraile;  B,  depositing  concrete  on  subgrade;  ' '.  finishing  machine  in  operation; 

D,  "straight-edging"  the  surface. 

Mi\im,    vnd   Placing  Concrete. 
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Table  8  shows  stop-watch  data  taken  on  a  project 
where  t  lie  efficiency  was  low.  Small  intermittent  delays 
ranging  from  a  few  seconds  to  several  minutes  account 
for  the  low  efficiency.  Nearly  all  of  the  delays  could 
have  been  eliminated  under  good  supervision  such  as 
was  found  on  the  first  job  mentioned.  The  mixing 
cycle  was  74.2  seconds.  The  maximum  production 
could  have  been  close  to  48  batches  per  hour.  During 
the  study  period  the  production  rate  was  '_'N.4  batches 
per  hour.  The  over-all  efficiency  during  the  entire 
period  of  the  production  study  was  ,50.9  percent. 

Delays  of  15  minutes  or  more  occurring  during  a 
stop-watch  study,  were  recorded  as  major  delays  and 
were  excluded  from  the  stop-watch  study  period. 
Periods  of  study  were  of  such  length  and  at  such  tines 
that  the  minor  delays  recorded  are  typical  of  those 
occurring  throughout  the  working  day.  The  total 
minor  delays  recorded  during  study  periods  for  a  day 
were  extended  to  cover  the  working  time  for  that  day. 
The  time  that  the  major  equipment  actually  operated 
minus  the  minor  delays  is  considered  to  be  the  time  of 
operation  at  full  efficiency. 

Both  the  major  and  minor  delays  are  divided  into 
two  classes.  Class  A  delays,  in  general,  include  those 
time  losses  arising  from  the  weather  and  other  causes 
which  could  not  have  been  anticipated  and  prevented 
under  good  management.  The  class  B  delays  are  those 
which  should  have  been  eliminated  under  good  manage- 
ment, due  allowance  being  made  for  conditions  affecting 
the  particular  project. 

The  efficiency  of  operation  of  major  equipment  is 
indicated  by  expressing  the  time  that  the  major  equip- 
ment actually  operated  at  full  efficiency  as  a  percentage 
of  the  time  that  it  could  have  operated  at  full  efficiency 
had  all  class  B  or  avoidable  delays,  both  major  and 
minor,  been  eliminated.  There  are  factors  which  may 
affect  efficiency  and  which  are  not  taken  into  considera- 
tion in  this  method  of  determining  over-all  efficiency. 
The  specified  mixing  time  is  one  of  them.  The  opera- 
tions which  must  be  performed  during  the  mixing 
period,  such  as  movement  of  hauling  equipment  at  the 
paver,  dumping  batches,  filling  water  tank,  changing 
hose,  preparing  subgrade  in  rear  of  paver,  making  pro- 
vision for  joints,  and  placing  steel,  are  less  likely  to 
cause  delays  to  the  paver  when  it  is  operating  with 
mixing  time  of  75  or  even  60  seconds,  than  when 
operating  with  a  50-second  mixing  time.  A  paving 
outfit  with  a  full  season's  work  ahead  of  it  is  in  a  much 
more  advantageous  position  and  has  a  greater  incentive 
to  use  a  better  type  of  equipment  and  more  specialized 
personnel,  and  to  attempt  efficient  operation  than  is  the 
outfit  at  work  on  a  project  of  only  a  few  weeks'  dura- 
tion. This  advantage  is  not  generally  appreciated  as 
is  evident  from  table  9  and  figure  3,  which  show  a  lack 
of  relation  between  length  of  project  and  over-all 
efficiency  of  operation  of  major  equipment  on  24 
projects. 

Another  factor  in  this  method  of  determining  over-all 
efficiency  is  the  ability  of  observers  to  classify  delays  as 
avoidable  or  unavoidable  according  to  the  definitions 
previously  given.  A  classification  of  this  kind  is 
essential  if  efficiency  of  operation  is  to  he  detern  ined 
with  any  high  degree  of  accuracy.  The  total  available 
working  time  is  no  indication  of  the  tine  in  which  it 
was  possible  to  operate,  when  delays  beyond  the  conf  rol 
of  the  contractor  have  occurred  or  when  it  would  not 
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be  profitable  to  avoid  delay.  The  observers  in  these 
studies  had  investigated  paving  projects  and  are 
thought  to  have  been  well  trained  for  the  work.  The 
classifications  made  by  the  observers  depended  on 
judgment  and  therefore  may  nol  always  be  correct  but 
there  was  do  practicable  way  of  eliminating  the  per- 
onal  factor. 
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Turntable  for  Trucks. 


Trucks  Ready  to  Back  to 
Paver. 


Dumping  into  Skip  of  Paver. 
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MINOR  DELAYS  RESULT  FROM    NUMEROUS  CAUSES 

Table  10  is  a  typical  weekly  summary  of  time  losses 
and  their  effect  on  production.  It  shows  the  total 
available  working  time  for  the  week,  the  time  lost 
through  avoidable  and  unavoidable  major  and  minor 
delays,  the  production  obtained,  and  the  over-all 
efficiency  of  operation  of  major  equipment . 

Table  11  is  a  summary  of  weekly  summaries  covering 
the  production  studies  on  23  projects  using  a  single 
27-E  paver  each  and  on  4  projects  using  two  27  E 
pavers  each.  The  over-all  efficiency  of  paving  outfits 
ranges  from  47.4  percent  to  96.8  percent.  Of  the 
1.0,651  hours  that  were  available  for  paving  on  projects 
using  a  single  paver,  the  paver  operated  at  full  efficiency 
only  4,973  hours,  or  47  percent  of  the  total  available 
working  time.  Had  the  class  B  delays,  those  which 
could  be  eliminated  under  proper  management,  been 
eliminated,  full  production  could  have  been  maintained 
for  6,366  hours.  The  over-all  efficiency  of  these  23 
paving  outfits  representing  nearly  every  section  of  the 
United  States  is  78  percent.  The  causes  lor  the  major 
delays  and  the  time  losses  resulting  from  them  arc 
shown  in  table  12.  The  causes  for  the  minor  delays 
arc  shown  in  table  13.  The  results  of  these  studies  are 
believed  to  be  a  fairly  accurate  estimate  of  the  effi- 
ciency with  which  major  concrete  paving  equipment  i< 
operated  in  the  United  States. 

'Fable  11  shows  considerable  difference  in  the  over- 
all efficiency  with  which  different  contractors  operated 
the  major  equipment.  Table  1  indicates  that  the 
major  and  auxiliary  equipment  was  about  the  same 
on  all  projects.  Concrete  paving  equipment  is  fairly 
well  standardized  and  in  most  cases  the  auxiliary  equip- 
ment has  a  capacity  corresponding  to  maximum  paver 
production. 

Table   10. —  Typical  weekly  summary  of  time  losses  and  their 
effect  on  production 

(Project,  Maine  No.  1;  equipment,  one  27-E  mixer,  batcher,  trucks,  finishing  ma- 
chine; available  working  hours,  57.17;  estimated  production,  1,640  batches,  or  6,560 
lineal  feet] 

MAJOR  DELAYS  OCCURRING  DURING  AVAILABLE  W'ORKING  TIME 
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MINOR    DELAYS    OCCURRING    DURING    TIME    OF    ACTUAL 
OPERATION 
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Major  equipment  operated  51.51  hours  or  90.1  percent  of  available  time. 

Major  equipment  operated  at  100  percent  efficiency  35.18  houi  ercenl  of 

Iterating  time.     Possible  operating  time  with  all  class  B  losses  eliminate! 
ours      With  all  class  B  losses  eliminated  production  would  have  been  2,344  batches, 
ver-oll  efficiency  of  operation  of  major  equipment,  70  percent. 


Table   11.      Summary  of  time  losses  and  efficiency  of 
of  major  i  quipmt  nt 
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PROJECTS  USING  2  27-E  PAVERS 


California  no.  53... 
California  no.  53... 
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Ohio  no.  2  * 

Illinois  no.  1 5 
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793.4 


93 

92 
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;  Inavoidable. 

2  Avoidable. 

3  One  of  two  pavers  operating  side  by  side. 
I  'f  WO  pa\  ers  side  by  side. 

5  Two  pavers,  one  behind  the  other      Material  is  delivered  tofirsl  paver  and  mixed 
for  part  of  required  time  and  then  fed  to  second  paver  for  complel  1011  of  mixing. 

Table  12. — Distribution  of  the  major  delays  on  .'■'•  paving  projects 
having  a  total  available  working  timt   of  10,651  hours;  tin 
centages  arc  based  on  tin-  total  available  working  time 


ol  delay 




\\ct  subgrade  

Cold  weather  or  snow 
Moving  outfit    , 

I  ark  of  prepan 
Lack  of  materials 

\ii\er  trouble,  mechanical 

Inadequate  »  ater  supplj 

Stopping  work  earlj  before  regular  stopping  time 

Finishing  machine  trouble,  mechanical 

i  [auling  equipment,  operation 

I I  mling  equipment .  -hoi i 
u    cell  meou 


Major  delays 


■ 


,  290 

1,0116 

182 

421. 

210 
152. 
in,, 

16. 

36. 

21 


Total  3,973.3     37.3       142  s 


Per- 
cenl 


12.  1 
9  1 
t  6 
4.0 
2.3 
1.4 
i  0 
1 
.4 
.2 


1.5 


Hours 


12s   5 
76.   I 

11.7 
21.7 


11.7 
30.3 


.3 


Total  inajoi  delays,  1,416  l  hours  or  n  5  pel 

Time  major  equipment  actually  operated,  6,235.2  1 rs  or  58.5  percent 
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Table  13. — Distribution  of  minor  delay.-;  on  tin  23  /ninny  projects 
during  the  6,285  hours  that  the  major  equipment  was  operating; 
the  percentages  shown  are  based  on  the  actual  operating  time 


Cause  of  delaj 


Wet  subgrade 

Lack  of  prepared  subgrade 

Hauling  equipment,  operation 

Hauling  equipment,  shortage 

Inadequate  water  supply 

Mixer  trouble,  mechanical 

Mixer  trouble,  operative 

Moving  mixer. 

Waiting  on  finishing  operation 

Handling  cemen t 

Placing  joints  and  reinforcing  steel. 

Shifting  hose  at  mixer 

Miscellaneous 


Total- 


Minor  delays 


Class  A 


Hours 


16.0 
12.8 

17.  1 

72.  1 
27.4 
71.8 


9.2 


85.6 


Per- 


0.3 
.2 

.3 
1.2 

.4 
1.  1 


Class  B 


II. .in 


95 
191. 
282, 

4s. 
20 
94. 


312.0       5.0       949.9        15.2 


Per- 
cent 


1.5 
3.1 
4.5 
.8 
.3 
1.5 


.3 
2.0 


Total  minor  delays.  1,261.9  hours  or  20.2  percent. 

Time  major  equipment  operated  at  full  efficiency.  4.973.3  hours  or  79.8  percent 

Table  14  is  a  summary  of  time  losses  on  a  project 
having  a  high  type  of  supervision  and  correspondingly 
efficient  operation.  On  this  project  work  was  carried 
on  during  the  winter  months  under  unfavorable  weather 
conditions,  but  even  with  this  handicap  a  high  rate  of 
production  was  maintained  during  periods  in  which  it 
was  possible  to  work. 

Table  15  shows  the  results  of  a  study  made  on  a 
project  with  inadequate  supervision  and  a  resulting 
low  efficiency.  Avoidable  delays  were  forestalled  on 
the  first  job,  but  were  allowed  to  happen  and  to  reduce 
efficiency  on  the  second  project. 

Table    14. — Summary  of  lime  losses  on  an  efficiently   managed 
project  during  entire  period  of  study 

[Project,  South  Carolina  no.  1;  available  working  time,  394.1  hours;  estimated  pro- 
duction, 6,898  batches  or  39,461  square  yards] 

MAJOR  DELAYS  OCCURRING  DURING  AVAILABLE  WORKING  TIME 


Cause  of  delay 


Wet  subgrade 

Rain 

Cold  weather 

Mixer  trouble,  mechanical 
Water  supply 

Truck  operation 

Totals 


Class  A 


Class  B 


Hours 


59.88 

52.75 

51.53 

.50 

.25 

.50 


165.41 


Per- 
cent 


15.20 

13.40 

13.10 

.  14 

.06 

.  14 


42.  04 


Hours 


0.28 
1.54 


1.82 


Per- 
cent 


0.07 
.39 


.46 


Total  major 
delays 


Hours 


Per- 
cent 


42.50 


MINOR  DELAYS  OCCURRING  DURING  TIME  OF  ACTUAL 
OPERATION 


Shortage  of  hauling  units 

1  62 
1.26 

0.71 

.56 

0.97 

8.  67 
7.08 
2.20 

0.43 
3.81 

3.11 

.97 

Hauling  units,  operation 

Mixer  operator. . 

Subgrade..  

Mixer,  mechanical 

1.25 

.55 

Setting  joints 

.  18 
.  59 
.21 

.08 

.  2(1 
.  09 

Water  supply 

.75 
.96 

.33 
.42 

M  iscellaneous 

Totals 

5.84 

2.57 

19.90 

8.75 

25.74 

11.32 

Major  equipment  operated  226.9  hours  or  57.5  percent  ol  . .  ailable  time 
Major  equipment  operated  at  100  percent  efficiency  201  hours  or  88  7  percent  of 
operating  time.    Possible  operating  time  with  all  class  B  losses  eliminated,  222.9  hours. 
With  all  class  B  losses  eliminated  production  would  have  been  7,643  batches,     I  der- 
ail efficiency  of  operation  of  major  equipment  90.3  percent. 


Table  15. — Summary  of  time  losses  on  an  inefficiently  managed 
project  during  entire  period  of  study 

[Project,  Texas  no.  1;  available  working  time,  1,055.3  hours;  estimated  production 
12,352  batches  or  77,831  square  yards] 

MAJOR  DELAYS  OCCURRING  DURING  AVAILABLE  WORKING 

TIME 


Cause  of  delay 

Class  A 

Class  B 

Total  major 
delays 

Hours 

Per- 
cent 

nours 

Per- 
cent 

11  our? 

Per- 
cent 

Rain  and  wet  subgrade..  ...  ... 

295.  07 

212.  12 

23.  50 

16.67 

27.9 

20.1 

?  ■?, 

1.6 

Cold  weather-.. 

Mo\  ing .       . 

Mixer,  mechanical. .. 

Lack  of  subgrade...        ...  _ 

13.26 
12.00 
11.42 
5.08 
.63 
37.71 

1.3 

1.  1 

1.1 

.5 

.1 

3.5 

Wafer  supply .. 

Truck  suppiv ..  ...  .    . 

547.  36 

51.8 

Totals 

80.10 

7.6 

627.  46 

59  4 

MINOR   LELAYS   OCCURRING  DURING   TIME  CF  ACTUAL 
OPERATION 

[No  class  A  minor  delays] 


Cause  of  delay 


Truck  supply 

Truck  operation _. 

Truck  turning  and  hacking  operation 

Mixer,  mechanical 

Mixer,  operative 

Water  supply 

Lack  of  subgrade 

Finishing 

Expansion  joints . 

Miscellaneous 

Charge  and  discharge  miser,  mechanical 

Totals 


Class  B 


nours 

Percent 

38.1 

8.9 

41.6 

9.7 

8.5 

2.0 

6.0 

1.4 

5.1 

1.2 

8.5 

2.0 

24.8 

5.8 

8.1 

1.9 

6.0 

1.4 

13.3 

3.1 

9.0 

2.1 

169.0 


39.5 


Major  equipment  operated  427.9  hours  or  40.6  percent  of  available  time. 

Major  equipment  operated  at  100  percent  efficiency  259  hours  or  00.5  percent  of 
operating  time.  Possible  operating  time  with  all  class  B  losses  eliminated,  508  hours, 
w  ith  all  class  B  losses  eliminated  production  would  have  been  24,238  batches.  Over-all 
efficiency  of  operation  of  major  equipment  50.9  percent. 

CAUSES  OF  INEFFICIENCY  DISCUSSED 

Constant  and  proper  supervision  is  the  key  to  effi- 
cient operation.  The  type  of  supervision  on  nearly 
every  project  listed  in  table  11  is  indicated  with  fair 
accuracy  by  the  figure  for  over-all  efficiency  of  opera- 
tion of  major  equipment.  A  superintendent  who  un- 
derstands highway  construction,  who  realizes  the 
importance  of  utilizing  available  working  time  to  the 
fullest  extent,  and  who  has  the  ability  to  foresee  and 
to  prevent  delays,  is  highly  valuable. 

It  is  evident  that  adequate  supervision  has  not 
always  been  employed.  The  first  reason  that  comes 
to  mind  is  that  contracting  firms,  in  general,  have  not 
always  realized  the  value  of  adequate  supervision  of 
construction.  Administrative  officers  devote  a  major 
portion  of  their  time  to  obtaining  contracts  and  pur- 
chasing materials  and  partially  neglect  measures  for 
attaining  efficiency  in  construction.  It  has  been  cus- 
tomary to  refer  to  highway  construction  as  a  "risky 
business",  and  there  has  been  a  tendency  on  the  part 
of  highway  contractors  to  place  much  of  the  blame  for 
inefficient  operation  on  the  element  of  risk  rather  than 
on  a  lack  of  proper  supervision. 

Another  reason  for  low  efficiency  may  be  that  there 
is  no  large  supply  of  highway  superintendents  who  have 
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a  natural  aptitude  for  the  work,  together  with  adequate 
experience  in  methods  of  construction  and  such  special 
training  in  production  work  as  enables  them  to  appre- 
ciate the  value  of  advance  planning  and  of  full  use  of 
available  working  time.  Possibly  the  seasonal  and  in- 
termittent character  of  concrete  road  construction  has 
led  qualified  men  to  seek  continuous  employment  in 
other  lines  of  work. 

Another  factor  affects  the  efficiency  with  which  high- 
way construction  work  is  done.  This  can  be  termed 
"inspectional  interference." 

Inspectional  interference  is  not  to  be  confused  with 
proper  and  adequate  action  in  the  enforcement  of 
specifications.  Proper  inspection  is  a  necessity.  It 
is  a  factor  which  can  be  evaluated  with  reasonable 
accuracy  in  preparing  bid  prices.  Inspectional  inter- 
ference, on  the  other  hand,  is  the  overstepping  of  the 
engineer's  or  inspector's  authority  to  enforce  speci- 
fications. Arbitrary  requirements  may  be  imposed 
on  the  contractor.  An  element  of  risk  may  be  intro- 
duced which  cannot  usually  be  evaluated,  but  which 
must  be  considered  in  arriving  at  bid  prices. 

The  reasons  for  such  interference  are  natural  ones. 
In  some  instances  specifications  do  not  state  clearly 
what  is  desired.  They  may  be  contradictory  also. 
Unnecessary  interference  has  been  found  on  many  of 
the  projects  studied.  The  actual  extent  to  which  it 
has  lowered  operating  efficiency  is  not  shown  in  the 
results  of  the  production  studies.  The  lost  time  caused 
by  such  interference  has  been  reported  under  the  type 
of  delay  which  it  caused. 

Unnecessary  interference  causes  a  loss  of  working 
time  and  also  tends  to  discourage  the  employment  of 
adequate  supervision  when  the  efforts  and  planning  of 
a  competent  superintendent  can  be  easily  frustrated 
by  a  well-meaning  but  over  conservative  and  auto- 
cratic resident  engineer  or  inspector. 

Many  examples  of  unnecessary  interference  could 
be  cited.  Contractors  are  sometimes  required  to  mix 
the  concrete  longer  than  the  specified  mixing  time, 
because,  in  the  inspector's  opinion,  it  results  in  better 
concrete.  It  actually  results,  however,  in  decreased 
production  and  increased  costs  for  labor  and  equipment. 
The  hours  of  work  are  sometimes  arbitrarily  regulated. 
Instances  have  been  observed  where  production  has 
been  stopped  for  extended  periods  in  order  that  the 
templates  and  finishing-machine  screeds  might  be 
checked  although  there  was  ample  opportunity  for 
checking  during  nonoperating  time. 

A  rather  absurd  instance  of  interference  was  observed 
not  long  ago.  Laborers  emptying  sacks  of  cement  on 
trucks  were  required  by  the  engineer  to  leap  through 
the  air  from  one  truck  to  the  next  rather  than  in 
descend  to  the  ground  after  the  dumping  operation. 
This  was  done  to  prevent  the  loss  on  the  ground  of 
cement  adhering  to  the  laborers'  shoes.  The  laborers, 
after  dumping  cement  on  one  truck  could  not  start  on 
the  next  truck  until  it  came  alongside  so  that  they 
could  jump  to  it.  With  two  trucks  abreast  between 
the  forms  there  was  not  sufficient  room  for  the  empty 
truck  at  the  paver  skip  to  proceed  without  delay.  The 
empty  truck  had  to  wait  its  turn  to  pick  its  way  betw  een 
loaded  trucks  engaged  in  this  maneuver.  The  hauling 
service  was  badly  disrupted.  Hauling  costs  were 
increased  and  paver  production  was  decreased. 

The  daily  operating  cost  for  labor  and  equipment  on 
a  concrete  paving  project  is  approximately  $580  as 
will  he  shown  later.  The  cost  varies  but  little  whether 
the   production    per  day   is  250   or   500  cubic   yards  of 


concrete.  The  importance  of  efficient  operation  in 
reducing  unit  costs  should  not  be  overlooked.  Neither 
should  the  fact  be  lost  sight  of  that  an  efficient  organi- 
zation is  in  a  much  more  favorable  position  to  produce 
concrete  of  good  and  uniform  quality  than  is  the 
inefficient  and  intermittently  operated  outfit.  Inspec- 
tional interference  will  be  difficult  to  eliminate  so  long 
as  both  the  results  desired  and  the  methods  by  which 
the  contractor  must  obtain  these  results  are  specified, 
and  so  long  as  authority  over  the  operation  of  the  con- 
tractor's personnel  and  equipment,  without  responsibil- 
ity for  the  finished  product,  is  assumed  by  the  inspector. 

UNIT  COSTS  PER  SQUAKE  YARD  ANALYZED 

State  practices  vary  with  regard  to  pavement  thick- 
ness,  cement  factor,  length  of  mixing  time,  size  of  batch,  j 
amount  of  reinforcing,  and  joint  material  used,  etc.,. 
and  it  is  difficult  to  calculate  accurately  the  unit  cost 
for  concrete  pavements  for  the  country  as  a  whole. 
During  1930,  10,600,000  square  yards  of  plain  cement 
concrete  pavement  were  laid  on  Federal-aid  projects  at 
an  average  cost  of  $1.78  per  square  yard.  Five  and 
one-half  million  square  yards  of  reinforced  concrete 
pavement  were  laid  on  Federal-aid  projects  at  an 
average  cost  of  $2.16  per  square  yard.  This  gives  a 
weighted  average  for  all  Federal-aid  concrete  pavements 
of  approximately  $1.90  per  square  yard.  On  the  as- 
sumption that  these  unit  prices  are  representative  of: 
prices  for  concrete  pavements  built  by  State  and  local 
authorities  and  that  the  proportions  of  plain  and  rein- 
forced pavements  for  the  total  mileage  built  are  about 
the  same  as  for  the  Federal-aid  mileage,  the  price  of 
$1.90  per  square  yard  will  be  used  in  the  detailed 
analysis  of  costs. 

The  distribution  of  this  unit  cost  in  respect  to  the 
various  items  of  expense  is  shown  in  table  16.  The 
percentages  have  been  calculated  from  data  collected 
in  cost  studies.  On  individual  projects,  costs  and  their 
distribution  will  vary  considerably  from  these  figures,, 
but  the  table  is  believed  to  be  representative  of  average 
conditions. 

Table  16. — Distribution  of  murage  cost  of  cement  concrete  pave- 
ments on  Federal-aid  projects  in  1930  of  $1.90  per  square 
yard.  ' 


Cement 

Transportation  of  cement  ! 

Total 

Coarse  aggregate 

Transportation  "I  coarse  ;iL"jir-j:iir  - 

Total 

F i ne  aggrega te . _ 

Transportation  of  fine  aggregate  2 

Total 

Cost  and  transportation  of  cement  and  aggregate 

Reinforcing  steel,  joint  material,  etc 

Depreciation  of  equipment 

Labor  and  super v ision 

Batch  delivery  (labor  and  equipment) 

Overhead,  interest,  bond,  cost  of  set-up,  etc 

Return  to  contractor,  including  salary 

Total 


Cost 


$0.  435 
.  135 

-■I 

.570 

30 

.190 
.  190 

10 
10 

;:mi 

20 

.075 
.095 

4 
5 

.170 

9 

1.  120 

.  115 
.  170 
.210 
.  135 

.  1)75 
.075 

!      <l|IO 


Percent 


100- 


1  Based  on  bid  prices  and  includes  cost  of  fine  grading. 
1  Transportation  to  batching  plant. 

During  1930,  approximately  10,000  miles  of  portland 
cement  concrete  pavements  were  built  on  rural  high- 
ways. Assuming  a  pavement  width  of  20  feet,  the 
cost  per  mile  was  approximately  $22,500  and  the  total 
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cost  was  $225,000,000.     The  percentage  distribution  of 
this  total  expenditure  is  shown  in  figure  4. 

'I'lic  analysis  shows  that  the  cost  of  cement  and  aggre- 
gates delivered  to  the  contractor's  plant  is  59  percenl 
of  the  pavement  cost,  and  that  22  percent  of  this  total 
pavement  cost  is  for  the  transportation  of  materials 
from  the  source  of  supply  to  the  batching  plant  on  the 
project.  Transportation  charges  constitute  37  percent 
of  the  cost  of  these  materials. 


FINE  aggregate: 

Figure    4. — Estimated    Distribution    of    Expenditure    on 
Portland  Cement  Concrete  Pavements  During   1930. 

f  methods  of  mixing  and  placing  can  be  improved.  less 
cement  will  be  required 

The  largest  item  of  expense  is  for  cement  the  cost  of 
which,  delivered  to  the  project,  is  about  30  percent  of 
the  total  pavement  cost.  The  cement  factors  used  on 
the  34  projects  studied  during  1929  and  1930  varied 
from  1.23  to  2.10  barrels  of  cement  per  cubic  yard  of 
concrete.  The  possibility  of  reducing  the  amount  of 
cement  used  without  reducing  the  quality  of  the  pave- 
ment is  dependent  on  several  factors,  one  of  which  is 
the  uniformity  with  which  the  ingredients  are  distrib- 
uted throughout  the  mass  of  concrete.  Available  infor- 
mation indicates  that  the  present  method  of  combining 

gredients  does  not   produce  concrete  in  which  these 

gredients  are  uniformly  distributed  throughout  the 
mass. 

Analyses  of  samples  removed  from  concrete  after  it 
has  been  spread  on  the  subgrade  -how  that  variation  in 
the  amount  of  any  one  ingredient  from  one  part  of  a 
batch  to  another  part  is  often  as  high  as  20  or  30 
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Figure  5. — Variation  in   Distribution   ok   Ingredients   of 
Concrete   as   Mixed   in   Standard   Pavers. 

cent.  One  point  in  the  batch  may  contain  10  or  I  5 
percent  more  of  an  ingredient  than  the  average  for  the 
batch  while  another  point  may  be  deficient  by  a  similar 
amount.  Percentage  differences  or  "spreads"  between 
points  as  high  as  30  percent  are  not  uncommon.  The 
average  spread  in  the  proportion  of  any  1  of  th<'  4 
ingredients  is  about  10  percent.  This  lack  of  uniformity 
in  the  distribution  of  the  ingredients  no  doubt  accounts, 
to  a  large  extent,  for  the  wide  variations  that  are  found 
in  the  compressive  strengths  of  cores  removed  from  con- 
crete pavements.  Figure  5  shows  the  percentage 
spreads  in  materials  on  two  different  projects.  These 
are  typical  examples  of  the  lack  of  uniformity  resulting 
from  the  present  method  of  mixing  concrete.  ( lould  the 
mixing  be  improved  so  that  the  ingredients  would  be 
uniformly  distributed  in  the  pavement,  t ho  cement 
content  probably  could  be  reduced,  resulting  both  in  a 
reduction  in  the  cost  of  this  materia]  and  a  probable 
increase  in  the  quality  of  the  pavement 

Methods  of  manipulation  must  be  considered  in  fixing 
the  water  and  cement  content  of  concrete.  Present 
methods  of  placing  concrete  require  rather  wet  mixes. 
It  is  generally  accepted  that  the  strength  of  concrete 
varies  inversely  with  the  ratio  of  the  water  to  the  ce- 
ment. If  methods  of  manipulation  can  be  improved  so 
that  considerably  drier  concrete  can  be  placed  satisfac- 
torily, a  reduction  in  the  amount  of  cement  used  should 
result. 

The  cost  of  reinforcing  steel,  material  for  joints,  and 
other  minor  materials,  averages  6  percent  of  the  pave- 
ment cost.  The  cost  varies  considerably  on  different 
projects.  Some  States  use  heavy,  double  reinforcing 
while  other  States  use  no  reinforcing.  The  spacing  of 
transverse  joints  likewise  varies  between  wide  limits. 
Some  States  use  no  transverse  joints  while  others  space 
joints  as  close  as  20  or  30  feet.  For  the  34  projects 
analyzed  the  transverse  joints  per  square  yard  of 
pavement  varied  from  none  to  0.45  lineal  foot. 

EQl  II'MIVI    i  OSTS    VN  \V\  ZED 

The  cost  of  equipment  is  about  9  percent  of  the  pave- 
ment cost.  The  most  logical  way  to  reduce  this  cost  is 
to  increase  the  efficiency  with  which  equipmenl  is  oper- 
ated by  using  a  greater  percentage  of  available  working 
time.  Annual  or  monthly  expense  for  equipmenl  is 
nearly  constant  except  for  field  repairs,  fuel,  and  lubri- 
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cants.  Costs  do  not  vary  materially  with  production 
obtained.  The  unit  cost  for  depreciation,  overhauling, 
major  repairs,  interest,  taxes,  storage,  and  insurance 
therefore  varies  almost  inversely  with  the  rate  of 
production. 

The  unit  cost  for  field  repairs,  fuel,  and  lubricants 
can  be  expected  to  vary  nearly  directly  with  the  rate  of 
production.  There  is  no  accurate  method  of  determin- 
ing equipment  expense.  The  care  that  a  piece  of  equip- 
ment receives  is  important  in  affecting  its  life.  Equip- 
ment obsolescence  affects  costs.  In  the  absence  of  a 
definite  method  of  determining  equipment  expense,  an 
approximation  of  the  average  daily  equipment  cost  for 
the  country  as  a  whole  is  given  in  table  1  7.  The  figures 
shown  in  this  table  may  not  he  applicable  to  every 
paving  organization  but  they  are  suitable  for  use  in 
general  comparisons. 

The  figures  in  table  17  are  based  on  an  assumption 
that  the  average  length  of  a  construction  season  is  8 
months  (from  Mar.  1  to  Nov.  1).  There  are  245  days 
in  this  period  of  which  35  are  Sundays  and  3  are  holi- 
days. It  is  reasonable  to  assume  that  during  an 
8-month  construction  season  the  average  paving  con- 
tractor will  have  two  projects.  This  necessitates  a 
move  from  one  project  to  the  other.  Allowing  12 
working  days  for  this  move,  195  days  or  24  days  per 
month  are  available  for  operation.  Table  12  shows 
that  on  the  34  projects  analyzed  the  major  unavoidable 
delays  were  as  follows: 


UNAVOIDABLE    MAJOR    DELAYS  Percentage  of 

avertable 
Cause  of  delay:  working  time 

Rain 12.  1 

Wet  subgrade 9.  4 

Cold  weather,  snow 4.  6 

Moving  equipment  about  project 4.  0 

Lack  of  prepared  subgrade 2.  3 

Lack  of  materials 1.4 

Paver  trouble,  mechanical 1.  0 

Inadequate  water  supply .  4 

Miscellaneous 2.  1 

Total 37.  3 

Thirty-seven  percent  of  the  total  available  working- 
time  was  lost  through  delays  of  15  minutes  or  over, 
delays  that  the  contractor  could  not  have  been  expected 
to  anticipate  and  prevent.  Delays  from  adverse 
weather  conditions,  wet  subgrade,  and  moving  the 
equipment  about  the  project  amount  to  30  percent  of 
available  working  time.  Such  delays  generally  last 
from  one-half  day  to  several  days.  During  these 
periods  the  outfit  usually  does  not  operate,  and  the 
personnel,  with  the  exception  of  straight-time  men,  is 
not  on  the  job  and  does  not  draw  pay. 

The  remaining  delays,  which  amount  to  7  percent 
of  available  working  time,  may  or  may  not  be  of  suffi- 
cient duration  to  shut  down  the  outfit  and  stop  pro- 
duction. In  this  discussion  such  delays  will  be  con- 
sidered as  occurring  during  periods  when  the  entire 
personnel  is  on  the  job  and  drawing  pay.     The  possible 


Table  17. — Estimated  equipment  costs 


Equipment 


Fine  grading: 

Blade  mailers   

Tracli.!,-        

Scarifiers  .   ...   . 

Subgraders  (form) 

Subgrade  planers 

Hollers 

Fresnos 

Fresno  teams..  . 

Handling  and  setting  forms. 

Forms 

Teams 

Form  trenchei 

Handling  materials: 

Crane  (15-ton). 

Batcher  plant  (complete) . 

Cement  house 

Pumps  (water) 

Pipeline,  2!.i-inch 

Hose,  lU-inch 

Truck  (service) 

Hauling  batches: 

Trucks  < 

Turntable 

Mixing:  Paver,  27-E 

Finishing: 

Finishing  machine 

Flaots 

Belts 

Bridges  (wood) 

Curing: 

Burlap __ 

Hose,  94-incb 

Miscellaneous: 

Small  tools 

Field  machine  shop  tools . 

Supervision:  Automobile5 


Number  and 
capacil  5 


1,   HI  foot 

1 .  60  In  use]  lower. 


1 

1 

1.  6-ton— . 

2,  3-foot... 
2,  2-horse. 

1,300  feel 
1,  2-horse . 
1 


Average  annual  expense  as  a  percent- 
age of  first  cost,  exclusive  of  field  re- 


pairs 


Depre- 
ciation 


I,  1  cubic  yard  . 
1,  70  cubic  vards. 
1 


25,000  feel 
250  feet     . . 

1 


l'i  ra  at 
20 
20 
25 
25 
25 
14 
33 
111 

25 
1(1 
25 

17 
2(1 


36 


II..  r, 

hauling. 

majoi 

repairs. 

painting 


l'i  ret  hi 
211 
15 
20 
20 
20 
12 
20 


Interest 

taxes, 

storage, 

insurance 


20 
20 


Pi  ret  ut 

11 
11 
11 
II 
11 
11 
11 
ii 

11 
6 
11 

11 

11 


Total 
owner- 
ship 
expense 


l'i  Ml   lit 

51 
46 
56 
56 
56 
37 
64 
n; 

56 
Hi 
58 

38 

46 
75 
56 
11 
50 
(il 


Average 

use  per 

year 


Months 


Expense 
per 

working 
month 


Pirct  nt 
6.4 

5.7 
7  II 
7.0 
7.0 
4.6 
8.0 
1.3 

7.0 
1.3 
7.0 


Application  of 
schedule  to  spe- 
ed.c  prices 


Price 


$1.25(1 

4.300 

1,000 

1,075 

500 

2,900 

50 

600 

3,  440 

30(1 

1,800 

14.000 
2,  785 
500 
1.700 
6,  425 
150 
1.  151) 


Expense 

per 
working 
month 


245 
71) 
75 
35 

134 
4 


1 11 

4 

126 

672 
15'.i 

47 

11!) 

328 

9 

88 


Estimated 

daily 
equipment 

cost  for 
all  items 

except. 

field  re- 
pairs, fuel, 
grease,  and 
oil  2 


$4.70 
14.41 

4.  12 

1  11 
.'  111 
7.88 
.29 
.47 

1-117 

.24 

7.41 

39  53 
9  34 

2.  76 

7.00 

19.30 

.53 

5.  17 


Esti- 
mated 
daily 
cost  of 

fuel,  oil, 
grease, 

and  field 
repair 


$0.  50 
fi.90 


3.00 
i~5.~30 


3  2.  65 
1.50 


13.50 


3.00 

2.50 


Total 
estimated 

daily 
equip- 
ment 
cost 
including 
all  items 


$5.  20 
21.31 
4.12 
4.41 
2.06 
10.88 
29 
5.77 

11    17 
2.89  1 
8.91 

53. 03 
9.34 
2.76 
10.00 
19.30 
.53 
7.67 


Total. 


1,300  linealfeet. 
400  feet 


33 


51 
51 

51 
10(1 
100 
100 

100 
50 

50 
50 
64 


6.  1 
6.  4 

6.4 

12.5 
12.5 
12,5 

1 2.  5 
6.  3 

6.  2 

II.  2 
5.3 


l.l 

8,  MIO 

3,000 

51) 

20 

DO 

2(1(1 
40 

501) 

500 

1,500 


59,  G55 


04 
564 

192 
6 
3 

8 

33 
3 

31 
31 


:i.  70 
33.  is 

11.29 

.35 

is 

.47 

1.94 

.18 

1,82 
1 ,  82 
4.59 


3,457 


203.  37 


8.50 
2.00 


3.50 


52.85 


'  Based  on\7tvvork°in-Xdivse  ""m"  fh^  repairs' fue1,  oil'  and  grease  base''  on  ra°dified  Associated  1  Jeneral  ( iontractors'  equipment  ownership  schedule. 

3  Animal  feed. 

1  Truck  costs  are  variable  depending  on  length  of  haul,  and  have  been  excluded  from  this  analysis. 

»  Automobile  used  26  days  per  mouth,  but  monthly  cost  charged  (0  17  productive  days. 


3.76 
41.68 

13.29 
.35 
.18 

47 

1  94 
.  18 

1.82 
1.S2 
S.09 


256  22 
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working  time  will  therefore  be  70  percent  of  195  days,  or 
136.5  days.  This  gives  17  possible  working  days  per 
month  during  a  ('(instruction  season. 

Monthly  equipment  expense  exclusive  of  field  repairs, 
fuel,  and  lubricants  is  prorated  over  the  17  working 
days  that  equipment  can  be  actually  operated  under 
average  conditions.  Daily  costs  for  field  repairs,  fuel, 
and  lubricants  are  based  on  observations  made  during 
the  time  studies  and  are  estimates  only.  The  total 
average  daily  equipment  expense  as  derived  by  this 
method  of  estimating  is  $256.  The  portion  of  this 
expense  regarded  as  constant  regardless  of  production 
is  $203. 

The  production  studies  show  that  the  average  con- 
tractor operates  major  equipment  with  an  efficiency 
of  78  percent.  With  a  69-second  mixing  time  and  a 
batch  of  27  cubic  feet  this  means  an  average  production 
of  300  cubic  yards  of  concrete  per  9-hour  day,  or  a  fixed 
unit  cost  for  equipment  of  85  cents  per  cubic  yard. 
With  an  efficiency  of  90  percent  this  fixed  equipment 
charge  would  be  74  cents  per  cubic  yard. 

LABOR  COSTS  DISCUSSED 

The  cost  of  labor,  including  supervision,  is  11  percent 
of  the  pavement  cost.  The  number  of  men  employed 
is  usually  that  necessary  to  handle  maximum  paver 
production  and  remains  relatively  constant.  It  does 
not  fluctuate  as  the  hourly  or  daily  rate  of  production 
fluctuates  because  of  delays.  The  daily  labor  cost  can 
therefore  be  considered  as  an  almost  constant  amount. 
As  production  decreases,  the  unit  cost  for  labor 
increases. 

To  determine  daily  labor  cost  it  is  first  necessary  to 
consider  the  basis  of  payment  of  personnel  and  that  part 
of  the  personnel  which  is  on  the  straight-time  pay  roll. 
Although  there  is  some  variation  in  the  number  of  men 
carried  on  the  straight-time  pay  roll  by  different  paving 
prganizations,    the    straight-time    men    are    usually    a 
superintendent,   a  timekeeper,   four  foremen,   a  crane 
operator,   a  paver  operator,   and   a   mechanic.     Some 
common  labor  is  also  employed  during  periods  of  non- 
production  and  appears  on  the  straight-time  pay  roll. 
However,  such  labor  is  affected  by  job  conditions  and 
therefore  is  omitted  in  this  discussion.     The  superin- 
tendent is  usually  paid  on  a  monthly  or  yearly  basis. 
The  other  men  on  the  straight-time  pay  roll  are  gener- 
illy  kept  working  on  the  job  during  periods  of  nonpro- 
luction  and  are  usually  paid  on  a  weekly  basis  for  all 
;ime  except  Sundays  and  possibly  holidays.    During  an 
5-month  construction  season   the  superintendent  will 
isually  be  paid  for  24.")  day-.     The  remaining  straight- 
ime  workmen  will  usually  be  paid  for  245  days  less  35 
Sundays  and  3  holidays,  or  207  days.     It  is  again  as- 
umed  that  there  will  be  136  productive  days  during 
She  construction  season  on  which  the  remaining  per- 
sonnel will  be  paid.     Table  18  gives  the  approximate 
laily   cost   for  labor   per  day  of   actual   construction, 
issuming  an  average  working  day  of  9  hours  and  wage 
tates  which  are  averages  for  the  country  as  a  whole. 
.  ayments  made  to  straight-time  men   are  distributed 
mong  the  productive  days. 

\  With  an  over-all  efficiency  of  operation  of  major 
quipment  of  78  percent  and  a  daily  pay-roll  cosl  of 
334.23,  the  unit  labor  cost  is  $1.11  per  cubic  yard.  Willi 
jn  over-all  efficiency  of  operation  of  90  percent  the  unit 
pst  would  be  96  cents. 


Table  18. — Pay-roll  costs  on  an  assumed  typical  project  for  ■ 
productive  day.     liusal  on  136  productive  days  per  season 


Position 

\um- 
bei 

Daily 

rale 

Days 

for 

which 

pay  is 

re- 
pen  ed 
during 

Non- 

i luc 

tive 

during 

season 

for 
which 

pay  is 

re- 
ceived 

Total 
CO   1 

of 

non- 
pro- 
duc 
tive 
time 

Pro- 
rated 
COSt  of 

non- 
pro- 
duc- 
tivo 
time  to 

each 
pro- 
ductive 

Daily 

of 

pro- 
duc- 
tive 

1  ime 

Total 
CO  1 
foi 

each 
pro- 
duc- 
tive 
day 

Superintendent 

l 
l 
4 
1 
1 
1 

18 
31 
68 

$12.00 

5.00 
6.  00 
9.  00 
7.(10 
6.00 

5.00 

I.  50 

3.50 

245 
207 
207 
207 

207 
207 

136 

130 
130 

109 
71 
71 

71 
71 
71 

0 

0 

0 

$1,308 
355 

1.704 
639 
107 
426 

0 

0 

0 

$9.  62 
2.61 

1 2.  53 
4.  69 
3  65 
3.  13 

11 

11 

0 

$12.00 
5.  00 
24.00 
9.  (HI 
7.00 
6.00 

35.  00 

SI.  00 
119.00 

$21.62 

7  61 

Crane  operator 

Pa\  ri  operator 

13  69 
10.65 

'.1  13 

Other  machine  oper- 
ators  

Semiskilled  and  heavy 
common  labor 

Ordinary      common 
labor  

35.00 
81.00 
119.00 

Total._ 

l.;i.",i 

36.23 

297.  50 

334.  23 

The  cost  for  labor  and  equipment  on  concrete  pave- 
ment construction  during  1930  is  estimated  to  have 
been  $44,600,000.  Had  the  general  over-all  efficiency 
of  operation  of  major  equipment  been  90  percent  in- 
stead of  what  it  actually  was  it  is  reasonable'  to  suppose 
that  the  total  labor  and  equipment  costs  would  have 
been  reduced  by  at  least  $4,000,000.  It  is  to  the  ad- 
vantage of  both  contractors  and  engineers  thai  con- 
crete construction  be  carried  on  with  a  high  degree  of 
efficiency.  Efficiency  is  advantageous  to  the  contractor 
in  his  efforts  to  meet  competition.  A  competent  super- 
intendent, invested  with  the  necessary  authority,  is 
invaluable,  to  him.  Efficiency  works  to  the  advantage 
of  the  engineer  as  it  is  his  duty  to  see  that  the  general 
public  receives  the  greatest  value  in  both  quality  and 
quantity  for  expenditure  for  concrete  pavements. 

HAULING  COSTS  AN  IMPORTANT  ELEMENT 

An  estimate  for  the  cost  of  equipment  and  personnel 
connected  with  batch  hauling,  that  is,  transporting  the 
batches  containing  aggregates  and  cement  from  the 
batching  plant  to  the  paver,  has  not  been  included  in 
the  preceding  analysis.  The  cost  of  batch  hauling  is 
estimated  to  be  7  percent  of  the  pavement  cost.  This 
figure  is  based  on  average  haul  and  costs  on  the  projects 
studied.  Transporting  batches  from  the  batching  plant 
to  the  paver  on  the  road  is  an  operation  separate,  from 
that  of  paving.  It  is  synchronized  with  the  paving  oper- 
ation in  that  a  definite  number  of  trucks  is  required  to 
furnish  the  paver  with  the  maximum  number  of  batches 
that  it  can  mix  per  hour.  The  hauling  equipment  on 
the  average  project  is  usually  operated  with  less  efficiency 
than  is  the  major  paving  equipment.  This  is  especially 
true  where  the  hauling  is  sublet,  in  which  cases  the 
equipment  is  often  owned  and  operated  by  several 
individuals  and  is  not  directly  supervised. 

The  daily  cost  of  truck  operation  is  not  affected  by 
the  amount  of  work  done  except  in  the  items  of  field 
repairs,  fuel,  and  lubricants.  The  cost  for  the  truck 
driver  will  be  the  same  regardless  of  the  number  of 
batches  hauled.  The  daily  cost  of  operating  a  hauling 
unit  can  be  considered  as  almosf  a  fixed  charge.  The 
unit  cost  of  hauling  batches  will  be  determined  by  the 
number  of  batches  thai  the  truck  can  deliver  per  day. 
and  this  m  turn  will  be  determined  by  the  following 
items: 
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1.  Haul  distance. 

2.  Condition  of  hauling  road. 

3.  Efficiency  of  truck  operation. 

4.  Number  of  trucks  in  excess  of  those  required  to  match 
maximum  paver  production. 

5.  Efficiency  of  paver  operation. 

6.  Length  of  time  required  for  loading,  turning,  backing, 
passing  through  plant  yard,  dumping  batch,  waiting  to  dump 
first  batch  of  multiple  batch  truck,  time  interval  between  the 
dumping  of  batches,  and  necessary  delays. 

Fluctuating  production  of  the  paver  increases  the 
unit  hauling  cost  by  causing  delays  to  the  hauling  units. 
On  the  other  hand  an  insufficient  supply  of  hauling 
units  or  faulty  operation  causes  delays  to  the  paving 
organization.  Table  13  shows  that  one-half  of  the 
minor  avoidable  delays  to  major  equipment  were  due 

Table  19. — Examples  of  job  efficiency  between  1 923  and  !  >28 


Project   no. 

Year 

Total 
available 
working 

time 
during 

study 

Un- 
avoid- 
able 
delays 

Avoid- 
able 

delays 

Time 
paver 
operated 
at  full 
effi- 
ciency 

Time  pavei 
couldhave    u.,„a| 
operated  at       ffl. 
full  em-        fm 

<'lt'"'->'  had    of  oner- 
avoidable    "trX 
delaysbeen      llja 
eliminated 

1 

2..     . 

1923 
1924 
1924 
1924 
1925 
1925 
1926 
1927 
1927 
1928 

Hours 

740  0 
222.  0 
163.0 
146.  0 
210.0 
477.5 
1.  164. 5 
1,143.3 
520.  0 
512.  0 

I  hints 
113.0 
63.  8 
42.  0 
36.  5 
73.5 
157.  S 
429.  1 
197.3 
82.9 
90.  0 

I  Inns 

301  o 
71.2 
56.  1 
40.0 
79.9 
120.2 
358.  9 
465.1 
1  17  6 
182.3 

Hours 

326.  0 

ST.  (1 

64.9 

69.5 

56.6 

199.5 

376.  5 

180.  '.i 

289.  5 

239.7 

Hours 
627.0 
158.  2 
121    II 
109.  5 
136.  5 
319.7 
735.  4 
946.  0 
437.1 
422.  II 

Percent 
52.0 
55.0 

3 

53.5 

4 

63.5 
41.  5 

6   .. 

62.5 

7 

51.  2 

8 

50.9 

9 

66.2 

10_ 

56.8 

Total 

5,  298.  3 

i,  jv,  'i 

1.  822.  3 

2.  190.  1 

4,012.4           54.6 

Table  20. — Svmmary  of  weekly  time  losses  on  a  project  operated 

efficiently 

[Study  made  in  1931] 


Uatrhr- 

pro- 
duced 

Total 

avail- 
able 

work- 
ing 

time 

Major  delays 

M  inor  delaj  - 

Total 

Week  ending— 

Class 
A 

Class 
B 

Total 

Class 

\ 

Class 
B 

Total 

of  all 
delays 

June  27 

Julv  4 ._ 

July  11 

Julv  18 

Julv  25 

August  1 

August  8 

August  22 

1,986 
1,  635 
1.417 

1 ,  394 

1.676 

2,  163 
2.  390 

1.435 
2.  425 

Hours 
65.  50 
13  mi 

6.->.  35 
till  7:. 
60,  5(1 
60  25 
(ill  66 
60.  63 
till  3(1 

Hours 
12.51) 

1.47 
29.  21 
23  97 
13.83 

7.01 

1.30 
24.62 

1.02 

I  lours 
(1  25 

.25 

'  3.50 
.25 

.  75 

Hours 

12  75 

1.72 

29.21 

23.  'i7 
17  33 

7.  26 
2.  05 

24,  62 

1.02 

I  Inn  is 

1   84 

88 

lit 

1    Is 

1    113 

.  25 

.43 

.89 

311 

Hours 

2.  97 

.  S9 

1.  17 
l  63 
1.64 
.34 
.4(1 
.43 
.49 

linn  is 

A   S| 

1.77 

1.21 

3.  11 

2  (',7 

.59 

.83 

1.32 

.79 

Hours 

17.56 

t  19 

30.  12 

27.  OS 

20.00 

7.85 

2.88 

25.  94 

1.81 

Total    _. 

16,551 

536  '.'l 

114.93 

5.00 

119.93 

7.14 

9.  90 

17    HI 

137.  03 

Week  ending— 

Time  major 
equipment 
operated  a1 
ion  percent 
efficiem  \ 

Total  of 
all  class 
II  delays 

Possible  oper- 
ating time 

elitnilial  mi: 
class  B 
delays 

Possible 

batches  with 

class  H 

delays 

eliminated 

Over-all 
efficiency 

June  27.  -- 

Hours 
17  94 
39  51 

34.  93 

33,  67 
III  50 
52.40 
57.78 

34.  69 
58.  49 

Hours 
3  22 

1.  14 

1    17 

1.  63 

5.  14 

.  59 

1.  15 

.43 

.49 

Hours 

51,  16 
40,  65 
31,,  10 
35.  3(1 
45.64 

52.  99 

35.  12 
58.  98 

/'.  rant 

Julv  1 

U685               97.0 

1.  I','".               96,6 

Julv   11 --_ 

July  is .   ,-.. 

Julv  25 

August  l 

Aujji^t  s       

VugUSt    15        

i.UgUSl   22 

1,890 

2,  1911 
2,  438 
1,451 
2.445 

88.7 
98.  9 

98.  1 
98.7 

99.  2 

Total 

399.91 

!  I  96 

414.87 

17.173  ,             96.4 

to  these  two  causes  and  amount  to  7.6  percent  of  the 
time  that  the  major  equipment  was  actually  operating. 
Harmony  between  the  paving  operations  and  the  haul- 
ing operations  requires  that  the  paving  organization 
should  operate  at  a  uniform  rate;  that  the  hauling 
equipment  be  adequate  for  the  rate  of  paver  produc- 
tion; and  that  the  hauling  equipment  be  operated  at  a 
steady  pace  without  interruption. 

The  investment  in  hauling  equipment  may  be  even 
greater  than  the  combined  investments  in  all  the  other 
equipment.  Inefficient  operation  of  hauling  units  may 
increase  costs  greatly. 

The  cost  of  overhead,  interest,  bonds,  set-up  charges, 
etc.,  is  estimated  at  4  percent  of  the  bid  price,  and  the 
return  to  the  contractor  in  the  form  of  salary  and  profit, 
after  all  other  cost  items  have  been  met,  is  also  placed 
at  4  percent.  These  items  are  more  or  less  intangible 
and  the  percentages  shown  are  merely  estimates  made 
for  the  purpose  of  this  analysis.  The  true  cost  may  be' 
a  few  percent  either  way  from  the  percentages  shown, 
but  the  distribution  of  the  remaining  cost  will  not  be 
materially  changed  from  the  figures  shown  in  this  cost' 
analysis. 

Table  21. — Summary  of  time  losses  on  project  reported  in  table 
20  ami  their  effect  on  production 

[Total  a\  ailable  working  time.  536.9  hours.     Estimated  production, 
16,551  batches] 

TOTAL   MAJOR  DELAYS  OCCURRING   DURING  AVAILABLE 
WORKING  TIME 


Cause  of  delay 

Class  A 

Class  B 

Rain   .     

1  In, us 

39.  69 
25.53 
is.  74 
1 2  75 
8.56 
5.89 

Percent 
7.4 
4.7 
3.  5 
2.4 
1.6 
1.1 

Hours 

Percent 

3.50 

0. 

Batcher  trouble 

I   55 

.3 

Preparing  subgrade 

.75 

Skip  blocked  by  traffic 

62 

.45 
.40 

.25 

.25 

25 

.1 

.  1 
.1 
.0 
.0 

.  1 

Truck  shortage   .  - 

Wreck.. - 

Miscellaneous .     ..- 

.25 
.50 

Total 

114.93 

21.4 

5.00 

rOTAL  MINOR  DELAYS    OCCURRING    DURING  TIME   OF  ACTUA 
OPERATION 


Truck  operation 

Mixer  trouble,  mechanical- 
Water   supply. -_ 

Truck  shortage 

Mixer  operation 

Handling  cement 

Placing  reinforcing  steel 

Wet  subgrade 

Rain.. 

Preparing  subgrade 

Miscellaneous 

Setting  expansion  joint    ... 
Skip  blocked  by  traffic   . 
Truck  trouble,  mechanical 
Dumping. 


Total. 


2.27 
1.  17 
1.42 
.  30 


0.5 
.3 
.3 
.1 


2. 89 
2.  15 

.21 
1.  17 
1.21 
1.05 

.65 


.35 

.  15 
.10 


.03 


Time  required  to  remove  hardened  hatch  of  concrete  from  drum 


Total  major  delays  119.9  hours  or  22.3  percent  of  working  time. 

Total  minor  delays  17.1  hours  or  4  percent  of  working  time. 

Possible  operating  time  with  all  avoidable  delays  eliminated  414.9  hours. 

With  all  avoidable  delays  eliminated  production  would  have  been  17,170  batches 

Over-all  efficiency  of  operation  of  major  equipment  96.4  percent. 
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EFFICIENCY  IN  CONSTRUCTION  GREATLY  IMPROVED  IN 
RECENT  YEARS 

When  production  studies  of  highway  construction 
were  stinted  in  L923  the  efficiency  with  which  concrete 
paving  was  [aid  was  much  loss  than  it  is  today.  Verj 
little  attention  was  given  to  attaining  maximum  paver 
production  or  to  the  full  use  of  available  working  time. 
In  recent  years,  there  has  been  a  gradual  increase  in 
the  efficient  use  of  working  time.  Table  19  indicates 
that    I  rend. 

The  10  projects  listed  in  table  19  were  studied  in  the 
years  shown  and  are  representative  of  supervision 
better  than  the  average.  With  few  exceptions  the 
projects  selected  for  efficiency  studies  were  each  several 
miles  in  length  and  all  were  constructed  with  standard 
paving  equipment.  The  projects  were  located  in  five 
different  States.  Project  no.  2  was  in  one  of  the  central 
States.  The  contractor's  organization  on  project  2  had 
the  reputation  of  being  the  most  efficient  in  the  St  a  . 
yet  the  major  equipment  was  operated  with  an  effi- 
ciency of  only  55  percent. 

In  contrast  with  the  rates  of  efficiency  shown  in  table 
19  for  years  prior  to  1929,  10  of  the  projects  studied  in 
recent  years  (table  11),  each  using  a  single  paver,  were 
operated  with  an  over-all  efficiency  of  more  than  85 


percent  and  6  projects  were  operated  with  an  efficiency 
of  90  percent  or  more. 

An  example  of  the  high  efficiency  that  can  be  main- 
tained in  concrete  paving  is  given  in  table  20.  This  is 
a  summary  of  production  studies  made  on  a  paving 
project  in  an  eastern  State  during  a  period  of  9  weeks 
in  the  summer  of  1931.  The  drop  in  efficiencj  in  the 
fifth  week  was  caused  by  the  paver  operator's  negligence 
in  allowing  a  batch  of  concrete  to  harden  in  the  mixer 
while  the  motor  was  being  repaired.  Table  21  con- 
tains a  summary  for  the  9  weeks  of  operation  and  shows 
the  cause  and  extent  of  all  delays. 

Efficient  use  of  available  working  time  has  steadily 
increased.  This  increase  has  had  a  favorable  effect  on 
unit  costs.  It  is  generally  recognized  thai  this  increase 
in  the  rate  of  production  has  had  no  adverse  effect  on  t  he 
quality  of  pavements. 

The  cost  of  labor  and  equipment,  however,  is  only  a 
part  of  the  cost  of  a  concrete  pavement.  Improvements 
in  the  methods  and  equipment  used  in  the  production  of 
paving  materials  as  well  as  in  the  production  of  finished 
surfaces,  together  with  more  definite  information  con- 
cerning the  design  of  concrete  mixtures  as  developed 
through  research  will  increase  both  the  efficiency  of  con- 
crete pavement  construction  and  the  value  received  by 
the  public  per  dollar  of  pavement  expenditure. 
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5  cents. 
Report  of  the  Chief  of  the  Bureau  of   Public  Roads,    1927. 

5  cents. 
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o.  583D  .  .  Reports  on  Experimental  Convict  Road  Camp, 
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Id.      55T  .  .  Highway  Bridge  Surveys.     20  cents. 

lo.  265T  .  .  Electrical  Equipment  on  Movable  Bridges. 
35  cents. 

u'ISCELLANEOUS  CIRCULARS 

'  h.  62MC  .  .  Standards  Governing  Plans,  Specifications, 
Contract  Forms,  and  Estimates  for  Federal- 
Aid  Highway  Projects.     5  cents. 

'ft.  93MC  .  .  Direct  Production  Costs  of  Broken  Stone. 
25  cents. 


MISCELLANEOUS  PUBLICATIONS 
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The  results  of  Physical  Tests  of  Road-Build- 
ing Rock.     25  cents. 

Federal   Legislation  and  Regulations  Relating 
to  Highway  Construction.     10  cents. 

Roadside  Improvement.      10  cents. 


No.  191     . 

REPRINT  FROM  PUBLIC  ROADS 

Reports  on  Subgrade  Soil  Studies.     40  cents. 


Single  copies  of  the  following  publications  may  be  obtained 
from  the  Bureau  of  Public  Roads  upon  request.  They  cannot 
be  purchased  from  the  Superintendent  of  Documents. 

SEPARATE  REPRINT  FROM  THE  YEARBOOK 

No.  1036Y  .  .  Road  Work  on  Farm  Outlets  Needs  Skill  and 
Right  Equipment. 


TRANSPORTATION  SURVEY  REPORTS 

Report  of  a  Survey  of  Transportation  on  the  State  Highway 
System  of  Ohio  (1927). 

Report  of  a  Survey  of  Transportation  on  the  State  Highways 
of  Vermont  (1927). 
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A  complete  list  of  the  publications  of  the  Bureau  of  Public 
Roads,  classified  according  to  subject  and  including  the  more 
important  articles  in  PUBLIC  ROADS,  may  be  obtained  upon 
request  addressed  to  the  U.S.  Bureau  of  Public  Roads,  Willard 
Building,  Washington,  D.C. 
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POWER-SHOVEL  OPERATION  IN  HIGHWAY 
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Reported  by  T.  WARREN  ALLEN,  Chief,  Division  of  Management,  and  ANDREW  P.  ANDERSON,  Highway  Engineer 

P  \KT   '.'.—THE   HAULING 


■ 


Shovel  Loading  Two  5-Cibic- Yard  Wagons. 


THE  SHOVEL  is  the  key  unit  in  a  power-shovel 
grading  outfit  as  commonly  operated  on  highway 
work,  but  ordinarily  it  functions  only  in  coordina- 
tion with  the  hauling  equipment.  Except  where  cast- 
iingis  possible,  the  shovel  can  dig  material  no  faster  than 
I  the  hauling  units  can  carry  it  away  to  the  dump  and 
can  dig  only  when  hauling  units  are  in  position  to  be 
loaded.  A  high  rate  of  production  is  possible  only 
with  sufficient  hauling  units  to  carry  the  full  output  of 
the  shovel.  Operation  of  hauling  units  must  be  so 
coordinated  as  to  proceed  with  almost  clocklike  pre- 
cision and  without  the  least  interference  in  the  steady 
operation  of  the  shovel. 

MAINTENANCE  OF  EXACT  BALANCE  BETWEEN  SHOVEL  AND  HAUL- 
ING UNITS  A  DIFFICULT  PROBLEM 

Attainment  of  a  high  degree  of  efficiency  in  the  opera- 
tion of  the  hauling  units  is  not  easy.  Studies  on  a  great 
many  jobs  indicate  that  the  hauling  equipment,  either 
because  of  shortage  or  improper  operation,  is  the  most 
general  cause  of  reduced  production.  From  a  studj  of 
rnore  than  a  hundred  power-shovel  grading  jobs,  il  un- 
bound that  the  average  power  shovel  on  highway  grad- 
ng  jobs  spent  about  20  percent  of  its  available  working 
ime  in  waiting  for  hauling  units.  A  part  of  this  time 
oss  was  unavoidable  because  of  the  nature  of  the  work 
)>ut  most  of  the  delays  were  avoidable  and  should  never 
lave  been  permitted  to  occur. 

Elimination  of  all  avoidable  delays  without  incurring 
[he  cost  of  carrying  too  much  hauling  equipment  during 
much  of  the  time  is  probably  impossible.  This  is 
argely  because  there  are  constant  but  irregular  vari- 
ations in  the  hauling  distance.     The  number  of  hauling 
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units  required  to  maintain  full  shovel  production  varies 
almost  directly  as  the  length  of  haul.  The  length  of 
haul  on  the  average  grading  job  often  fluctuates  be- 
tween  wide  limits  and  at  such  frequent  intervals  that 
the  maintenance  of  an  exact  balance  is  economically 
undesirable.  The  speed  with  which  hauling  can  he 
done  is  also  variable  depending  upon  (he  condition  of  the 
roadway.  High  speeds  are  seldom  possible  and  verj 
low  speeds  are  often  necessary.  To  still  further  com- 
plicate an  already  difficult  situation,  the  characteristics 
which  affect  the  rate  at  which  the  material  can  be  dug 
by  the  shovel  sometimes  also  change  with  unexpected 
frequency. 

Since  the  length  of  haul,  road  conditions,  and  the 
characteristics  of  the  material  are  all  subject  to  fre- 
quent change  the  maintenance  of  an  exact  balance  be- 
tween the  shovel  and  t  be  hauling  equipment  is  generally 
impractical,  especially  on  light  work.  Although  per- 
fect balance  is  impossible  or  impractical,  there  is  the 
necessity  lor  approaching  this  balance  as  closely  as 
conditions  permit.  The  closeness  of  approach  will  de- 
pend \  er\  largely  upon  the  case  with  which  vehicles  can 
be  added  and  removed  in  conformity  with  the  actual 
requirements  as  they  occur  on  the  job.  On  work  within 
eas\  access  of  a  source  of  truck  or  wagon  supply,  or  on 
jobs  using  t  wo  or  mure  shovels,  conformity  of  supplj  to 
demand  can  be  fairly  close.  Lack  of  balance  on  remote 
jobs  forced  to  depend  on  a  fixed  number  of  hauling 
units  will  be  measured  largely  by  the  range  of  fluctuation 
in  hauling  distances  as  fixed  l>\  the  design.  A  general 
rule  for  such  a  condition  is  that  the  amount  of  hauling 
equipment  should  he  such  that  the  value  of  the  occa- 
sional delays  to  the  shovel  in  waiting  for  hauling  equip- 
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ment  should  be  equal  to  the  value  of  the  time  spent  from 
time  to  time  by  the  hauling  units  in  waiting  for  the 
shovel. 

The  operations  of  the  hauling  equipment  consist  of 
getting  into  position  to  receive  the  load,  receiving  it, 
taking  it  to  the  dump,  dumping,  turning  at  the  dump, 
and  returning  to  the  shovel  for  another  load.  The 
time  regularly  consumed  on  cadi  trip  exclusive  of  the 
time  of  travel  to  and  from  the  dump  is  called  the  "time 
constant"  and  is  fairly  uniform  for  any  given  type  of 
equipment  and  set  of  operating  conditions.  Table  1 
shows  average  time  constants  on  a  number  of  projects 
on  which  various  kinds  of  vehicles  of  different  capaci- 
ties were  used.  The  average  values  for  the  time  con- 
stant as  found  on  these  jobs  for  the  different  operations 
vary  considerably.  This  is  to  be  expected.  For  exam- 
ple, the  loading  time  will  vary  with  the  number  of 
dipper  loads  required  to  the  vehicle  load,  the  kind  of 
material  handled,  the  skill  of  the  shovel  operator,  and 
the  numerous  factors  which  affect  the  time  of  the 
shovel  cycle. 

While  the  time  constant  varies  with  many  conditions, 
it  is  fairly  uniform  for  a  given  set  of  conditions  and  its 
value  on  any  job  is  easily  determined  by  direct  timing. 
It  is  an  important  factor  in  determining  the  number  of 
vehicles  most  probably  required  to  maintain  a  given 
rate  of  shovel  operation. 

Table   1. — Average  time  constants  for  various  types  of  hauling 

units  basal  on  operation  with  a  1-  or  l}i-yard  shovel 


i  >|>er;>ti<>n 

7-yard 
tractor- 
drawn 
wagons 

4H-yard 
trucks 

2J4-yard 

trucks 

1|  i-yaiil 
trucks 

Seconds 

210 
25 
14 
21 

80 

Seconds 

135 
32 
26 

27 
55 

Seconds 

75 
;;i 
29 
20 
50 

Seconds 

40 

Turn                              

20 

27 

Turn                                       

21 

14 

Total              

350 

275 
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EFFICIENT   OPERATION    REQUIRES    ATTENTION    TO    A    NUMBER    OF 

FACTORS 

In  highway  grading  work  the  time  constant  for  the 
hauling  units  is  of  major  importance.  The  hauls  are 
generally  short  so  that  the  actual  speed  of  the  vehicle 
usually  has  only  a  comparatively  small  effect  as  com- 
pared with  the  influence  of  the  time  constant.  The 
time  constant  is  made  up  of  a  number  of  individual 
items  which  are  repeated  with  every  load  through  the 
day.  Their  total  for  the  day  may  therefore  become 
very  large. 

Manj  contractors  do  not  seem  to  realize  the  impor- 
tance of  saving  seconds  on  the  repetitive  operations 
involved  in  the  operation  of  the  hauling  equipment. 
Extension  of  the  time  constant  by  2  minutes  is  as 
effective  in  reducing  the  output  of  the  hauling  equip- 
ment as  an  extension  in  the  haul  approximately  equal 
to  the  average  distance  the  vehicles  traverse  per  minute 
of  driving  time.  On  many  grading  jobs  the  unneces- 
sary extension  of  the  time  constant  is  far  more  than  1 
minute. 

Much  of  this  delay  can  be  eliminated  by  careful 
supervision  of  the  operation  of  the  hauling  equipment, 
by  keeping  the  traveled  way  in  good  condition,  and 
particularly  by  giving  attention  to  the  conditions  at 
the  shovel  and  at  the  dump.  "Bottle  necks",  a  care- 
less clean-up  around  the  shovel,  and  restricted  work- 


ing area  on  the  dump  all  tend  to  increase  the  time 
constant  of  the  hauling  equipment  and  thus  adversely 
affect  the  output. 

Another  matter  deserving  attention  is  the  load 
hauled  per  vehicle.  There  is  considerable  variation  in 
the  amount  of  material  taken  out  per  dipper  load  by  a 
shovel.  To  place  a  given  number  of  dipper  loads  in 
the  vehicle  on  each  trip  is  therefore  a  mistake,  except 
possibly  on  very  short  hauls  when  there  is  a  surplus  oi 
vehicles.  Under  normal  road  conditions,  it  takes  as 
long  to  haul  a  half-loaded  vehicle  to  the  dump  as  it 
does  to  haul  one  that  is  fully  loaded.  On  long-haul 
work  there  is  much  to  be  gained  by  hauling  full  loads 
and  the  shovel  operator  should  be  charged  with  the 
responsibility  of  seeing  that  the  vehicles  leave  the 
shovel  properly  loaded,  no  matter  how  many  dippei 
loads  are  required.  The  hauling  road  should  always 
be  so  maintained  that  full  loads  can  be  handled 
especially  on  long  hauls. 

In  selecting  hauling  equipment  care  should  be  taker 
to  see  that  the  units  can  be  so  handled  that  no  singh 
operation,  such  as  turning,  dumping,  or  maneuvering 
will  be  likely  to  consume  more  time  than  is  required  fo: 
loading.  Otherwise,  this  operation  and  not  the  shove* 
controls  the  job  output.  For  ordinary  highway  grading 
where  fast  shovel  operation  is  so  frequently  possible,  t 
hauling  unit  having  a  capacity  of  less  than  two  dippe 
loads  should  never  be  considered.  For  ease  in  coordii 
nating  the  operation  of  the  hauling  equipment  so  as  t( | 
maintain  fast  shovel  operation,  the  individual  haulinj 
units  should  carry  three  or  more  dipper  loads.  Ii 
general,  the  larger  the  capacity  of  the  hauling  units  tin 
more  easily  their  operation  can  be  properly  supervisee 
and  coordinated,  provided,  of  course,  that  they  ar< 
otherwise  adapted  to  the  job. 

The  conditions  under  which  the  hauling  equip 
ment  must  operate  are  usually  severe  and  frequently 
extremely  difficult.  Hauling  equipment  should  b< 
extremely  strong  and  rugged  and  fully  able  to  stand  u] 
under  the  most  trying  conditions.  On  the  average 
grading  job  replacement  of  hauling  units  can  seldom  b< 
made  without  incurring  some  delay  to  the  shovel 
Reliability  is  therefore  a  valuable  asset. 

BACKING  OF  TRUCKS  TO  DUMP  OFTEN  DESIRABLE 

The  hauling  units  must  be  provided  with  an  abun 
dance  of  power  and  with  traction  or  road  grip  such  a 
will  permit  the  full  utilization  of  this  power  under  th< 
most  trying  conditions.  Grades  as  steep  as  25  percen 
are  not  unusual,  while  slippery,  rough,  or  yielding  roa< 
surfaces  are  so  common  as  to  be  almost  the  rule.  Fo 
satisfactory  operation,  the  hauling  units  must  haV' 
capacity  to  carry  at  least  twTo  full  dipper  loads,  must  h 
extremely  strong  and  dependable,  and  provided  witl 
ample  power  and  traction  to  operate  on  grades  and  roa< 
surfaces  much  more  difficult  than  those  encountered  ii 
ordinary  transportation.  Two  or  three  speeds  h 
reverse  are  also  desirable  for  such  vehicles  as  truck 
which  are  frequently  backed  to  the  dump.  A  fast  an< 
reliable  dumping  mechanism  with  a  high  dumpinj 
angle  is  a  necessity. 

On  short-haul  work  trucks  are  often  shuttled  o 
backed  from  the  shovel  to  the  dump  and  then  returnet 
forward  to  the  shovel.  This  eliminates  two  turns  o 
the  vehicle  on  each  trip.  Since  each  turn  usually  con 
sumes  from  20  to  40  seconds,  this  practice  is  ad  van 
tageous  until  a  distance  is  reached  at  which  the  tim 
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lost  in  driving  from  the  shovel  to  the  dump  in  reverse 
instead  of  in  forward  is  equal  to  the  time  saved  by  the 
elimination  of  the  two  turns.     This  is  demonstrated  as 

follows:    Lei 

L  =  the  haul  in  feet  at  which  shuttling  the  trucks 

ceases  to  be  advantageous. 
S     the  speed  in  feet  per  minute  of  loaded  trucks 
when  driven  forward  from  the  shovel  to  the 
dump. 
s=the  speed  in  feet  per  minute  of  loaded  trucks 
when  backing  to  the  dump. 

K=the  turning  and  maneuvering  time  in  minutes 
saved  on  each  round  trip  when  trucks  are 
backed  instead  of  driven  forward,  or  in 
other  words,  the  difference  between  the 
time  constants  for  trucks  driven  in  the 
usual  manner  and  when  backed  from  the 
shovel  to  the  dump. 


Then 


L 


KSs 

'  S—s 


(1) 


For  example,  if  the  average  speed  of  the  loaded  trucks 
from  shovel  to  dump  is  500  feet  per  minute  and  their 
backing  speed  is  300  feet  per  minute,  ami  the  average 
difference  between  the  truck  time  constants  is  1  minute, 


then   L  = 


1X500X300 


=  750    feet,    which    is    the    haul 


300  -  300 

within  which  it  is  more  advantageous  to  back  the  trucks 
than  to  drive  them  in  forward.  If  the  backing  speed 
were  only  200  feet  per  minute  and  the  forward  speed 

Table  2. — Opt  ruling  characteristics  of  heavy  trucks  lairing  drive  on 
all  jour  irht  i  Is 

Three  1 !  4-yard  shovels  on  same  job.  All  equipment  in  good  condition.  Material, 
earth  and  blasted  rock.  Grades  mostly  5  to  10  percent.  For  all  hauls  below  600 
feet,  trucks  hacked  to  dump.  Number  of  round  trips  timed,  639.  Average  lo  id, 
pay  yardage,  2.9  cubic  yards] 


Lenpth  of  haul 

Sliced 

Loaded 

Return 

;a  feet  _  _   

Feet  per 

III  III  Hit 

210 
2211 
250 
310 
365 
430 
510 

Feet  per 

iiiiiniii 

260 

[1)0  feet 

295 

SO  feet     -     ..  .  ..-  

302 

iO  feel     

355 

.0  feet 

100 

.llfecl 

it;. 

120 

irage  time  constant  when  trucks  back  to  clump:  Seconds 

Taking  on  load ss   r, 

Dumping 30.  5 

Waits  and  delays 23.  8 


Total 142.9 

W'nrl,  lug  1 1  mi    Inst   hi/  slmrrls 


Class  of  time  loss 


inor  time  losses  of  shovels: 
Hauling  equipment,  insufficient  supplj    . 

Hauling  equipment,  operation 

Moving  shovel  within  cut 

Shovel  operator.  

Met  I  anical  repairs  or  trouble  with  shovel. 

Sloping - 

Smoothing  grade  and  loading  pit... .- 

< '  necking  grade 

M  i.-ccllaneous 

jor  mechanical  repairs,  shovel  and  cable 


Shovel 
no.  t 


Percent 

1  1 
;,  1 
7.8 

2  I 

2.  6 

3.  '.i 
I  7 
0.  I 
8.7 
5.7 


Shovel 
no.  2 


J',  ret  nt 

2.3 

7.4 
2.  I 
2.0 

2.  'J 
7.  1 


no,  3 


7    - 


5.4 
I  1 
8  1 
1.3 

4.  1 
v  6 


8  2 
- 


still  500  feet  per  minute,  then  the  maximum  haul  to 

which  the  trucks  could  he  hacked  with  advantage  would 
be  only  333  feet.  This  illustrates  the  importance  of  a 
relatively  high  hacking  speed  in  extending  the  distance 
to  which  shuttling  ma\  he  profitable.  Trucks  tire  now 
made  with  special  provisions  for  driving  in  reverse 
both   as  lo   the  ease  and   comfort    of  the  driver  .and  the 

number    of    speeds    available.     The    actual    backing 

speeds  attained  in  the  held  with  present  equipment 
under  various  road  conditions  arc  shown  in  tables  2,  3, 
4,  and  5. 

Table    3. — Operating    characteristics    of    heavy    trucks    an    carious 
h  ugtlis  of  haul 

[Trucks  carried  average  loads  of  2  5  cubic  yards  of  pay  material  when  working  with  a 
rd  shovel.     All  equipment  in  fair  to  good  condition       Material  mostly  loam  and 
clay,  sticky  and  difficult  to  handle  when  wet       Loaded  trucks  backed  to  .lump  on 
all  hauls  below  750  feet  J 


Haul  distance 

Speed 

i  'ondition  of  hauling  road 

Loaded 

Return 

155  feel 

225  fed 

:i5ti  feet 

Feet  i>- 1 

minutt 

315 

377 

I.;-, 
455 
3115 

107 

660 
515 
756 
cor. 
594 

Feet  i'i  r 

III ill  nil 
325 

390 
535 

105 

us 

573 
Id  5 
143 
925 
518 
,-,:,n 

Slippery,  III  percent  grades 
Mostly  fair,  light  grades 
Good. 

ijii  feel 

510  feel 

620  fei  i 

Mostlj  fair 

S25  feet 

050  eel 

1.135  feel 

1,250  feet.    

100  fei  i 

Some  very  rough,  in-percent  grade. 

AVERAGE  TIME   CONST \\ I 

Seconds 

Taking  on  load     71.9 

Turn  (long  hauls) 20.  9 

I  lump  loai  1    28.  8 

Turn  (long  hauls) -                                        .      18.  7 

Waits  and  delays 55.  !• 

Total  -----  196.  2 

WORKING  TIME   LOST  in    SHOVEL 

Minor  time  losses:  p> 

Hauling  equipment,  insufficient  suppl)  I  I.  9 

Hauling  equipment,  faulty  operation  4.  ."> 

Moving  shovel  within  cut    -  5.  2 

Shovel  operator  .  7 

Mechanical  repair  ami  trouble  with  shovel  7 

Sloping  3  7 

Smoothing  grade  and  loading  pit .            .    .  .'{.  <> 

Major  mechanical  repairs  to  shovel  ami  cable 

SPEED  OF  HAULING  UNITS  VARIES  WITH  JOB  CONDITIONS 

When  two  or  more  shovels  are  used  on  the  same  job 
they  should,  if  possible,  he  so  located  thai  hauling  units 
can  he  readily  exchanged  between  them,  and  ever\ 
effort  should  be  made  to  schedule  the  u  ork  so  that  when 
one  shovel  is  on  long  hauls  the  other  will  he  on  relatively 
short-haul  work.  The  hauling  units  can  then  be 
shifted  in  accordance  with  the  actual  requirements  at 
the  shovels.  The  total  number  of  hauling  unit-  lor  the 
shovels  should  he  the  same  as  though  each  operated 
independently  with  one  constantly  on  long  hauls  and 
the  other  on  shorf  hauls.  I>\  this  method  the  working 
time  of  both  the  shovels  .and  the  hauling  units  can  be 
Utilized  more  fully.  Since  the  equipment  and  (lie 
personnel  remain  constant,  any  increase  in  production 
obtained  is  practically  a  clear  gain,  -lobs  have  been 
found  on  which  this  simple  expedient  added  nearly  10 
percent    to  the  average  daily  production. 
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Dressing  Slopes  by  Hand  and  the  Same  Slope  Five  Days 
Later  as  Washed  by  Rain.  Too  Much  Refinement  In- 
creases Cost  Without  Producing  Advantages. 

Table   4. — Effect  of  length  of  haul  and  road  condition  on  average 
hauling  speed 

[2H-yard  trucks  in  fair  to  good  condition,  working  with  1-yard  shovel.     Common 
excavation.     Hauls  below  COO  feet,  all  by  backing  loaded  trucks  to  dump] 


Length  of  haul 

Speed 

Road  condition 

Loaded 

Retui  rj 

155  feet..  

/  *  et  p<  i 
minute 

373 
310 

497 
250 
262 
427 
594 
524 
292 

518 
632 

990 
437 
890 

758 
695 
586 

1:1  /:«:r 
in  in  ill, 
423 
318 
-ISO 
362 
370 
427 
580 
530 
600 

TOO 
838 
717 
559 
1,  160 
1,  045 
517 
550 

Good. 

170  feet.. 

Fair  surface,  slippery  steep  downgrade. 
Good. 

200  feet 

200  feet 

Very  rough. 

Poor  road,  rough  with  steep  downgrade. 
Do. 

210  feet.. 

285  feet-- 

350  feet 

Good 

no  feet 

Fair. 

500  feet-- 

Rough  and  slippery  with  3  percent  up- 
grade. 
Good  to  fair,  nearly  level. 
Good. 

500  feet 

600  feet..   . 

800  feel 

Good. 

l  ,000  feet . 

1,125  feel 

i i 

1,150  feet 

1,250  feet    .    .    

1,400  feet.. 

Fair 

Fair 

Average  time  to —                                                          Seconds 
Load 74 

Dump 29 

Make  two  turns . -    51 

The  road  speeds  for  any  given  vehicle  are  affected  by 
many  factors,  the  most  important  of  which  are  the  con- 
dition of  the  road  surface,  grades,  and  lengths  of  haul. 
Road  speeds  under  different  conditions  are  given  in 


Table  5. — Average  speed  of  heavy  trucks  on  short  hauls 

[5-ton  trucks  loaded  with  3  cubic  yards  of  blasted  rock  and  earth  operating  on  about  5- 
percent  grades  by  backing  to  dump  and  returning  in  forward.  Trucks  in  good 
mechanical  condition  and  hauling  road  well  and  systematically  maintained.  Trucks 
working  with  a  1  }4-yard  shovel] 

Average 
round-trip 
speed- 
feet  per 
Length  of  haul:  minute 

0  to  50  feet 232 

50  to  100  feet 250 

100  to  200  feet 274 

200  to  300  feet 336 

300  to  400  feet 384 

400  to  500  feet 435 

500  to  600  feet 455 

tables  3,  4,  6,  7,  8,  9,  10,  11,  12,  and  13.     For  different 
vehicles,  the  type,  condition,   and  size  are   the  most 
important   of    the   factors   which    affect    speed.     The 
extent   to   which    these   factors   frequently  affect   thai 
hauling  speed  is  indicated  in  tables  2,  4,  6,  10, 12,  and  14j 
Most  of  the  hauling  on  grading  work  is  done  at  arjj 
average  speed  of  less  than  500  feet  per  minute  for  trueksJ 
about    300   feet   per   minute   for   large    tractor-drawn] 
wagons,  and  about  240  feet  per  minute  for  ordinary!] 
horse-drawn  dump  wagons.     Average  round-trip  speeds 
as  high  as  900  feet  per  minute  for  trucks,  400  feet  per 
minute  for  tractor-drawn   wagons,   and   250  feet  pew 
minute   for  horse-drawn   wagons   are   rarely   attained] 
except  for  short  periods  and  under  exceptionally  favor-] 
able  conditions.1     Tables  3,   7,    10,    12,   and    14   show 
typical  average  speeds  regularly  maintained  on  a  num-j 
ber  of  jobs  using  various  kinds  of  vehicles. 

LARGE  CAPACITY  HAULING  UNITS  OFTEN  USED 

In  a  summary  of  studies  of  power-shovel  operation  irji 
highway  grading  compiled  in  1927,2  it  was  found  that  the 
prevailing  size  of  the  shovels  then  in  use  had  a  dippeii 
of  three-quarters  yard  capacity.     Teams  and  bottom- 
dump  wagons  were  by  far  the  most  common  type  oi 
hauling  equipment.     Trucks  were  used  to  some  extent 
the     solid-tire     type     predominating.     Tractor-drawr 
wagons  of  4  or  5  cubic  yards  capacity  were  found  or 
comparatively  few  jobs.     At  the  present  time  (1933 
the  1  ^-cubic-yard  shovel  is  found  on  a  majority  of  jobs 
and  the  l}£-yard  shovel  is  observed  as  frequently  as  th< 
three-quarter-yard  shovel.     The  team  and  wagon  hat 
practically  disappeared  while  the  large  truck  equippffl 
entirely  with  pneumatic   tires  had   become   the  mos- 
common  type  of  hauling  equipment,  followed  by  the 
large  tractor-drawn  wagon,  now7  usually  of  6  or  8  cubi 
yards  capacity   and  generally  provided  with   erawle 
treads. 

In  highway  grading  the  hauls  for  most  of  the  materia 
are  usually  comparatively  short  so  that  road  speed  jj 
not  a  prime  factor  in  obtaining  production  from  th  ■ 
hauling  units.  High  speeds  are  generally  impossibl ' 
because  of  road  conditions.  Load-carrying  abilitj , 
ease  of  operation,  and  dependability  are  more  import  aE 
factors.  Recent  developments  in  specialized  haulin: 
units  have  aimed  at  combining,  in  a  rather  low-spee  I 
vehicle,  large  capacity,  rapid  unloading,  easy  turn  in ', 
ability,  and  high  mechanical  dependability.  A  nunibf 
of  manufacturers  have  developed  special  hauling  unii 
designed  particularly  for  operation  with  the  powf 
shovels,  elevating  graders,  and  draglines. 


1  For  additional  data  on  hauling  with  teams  and  wagons,  see  Public  Koad 
March  1928. 

2  Power  Shovel  Operation  in  Highway  Grading,  Piblic  Roads.  February,  Marc 
and  April  1928. 
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and  8-yard  tractor-drawn 


Table  6. — Operation  characteristics  of  ' 

ivagons 

[Three  Hi-yard  shovels  on  same  job.  All  equipment  in  good  condition.  Material, 
largely  sandy  earth,  some  frozen.  Heavy  trucks  used  for  some  very  long-haul 
work.    Heaviest  grades  about  s  percent.    Wagons  earned  an  average  of  7  cubic 

yards  of  pay  material  per  load,  trucks  carried  4.4  cubic  yards] 


Hauling  unit 


Tractor-draw ! 
Do 

Do 

Do 

Do 

Heavy  trucks 

Do 


Speed 

Grade 

Length 

of  haul 

1. o;e led 

Return 

Feet  per 

Feet  per 

dm  nt 

Fi  1 1 

minute 

minute 

-8 

305 

270 

230 

-7 

j         525 

\          600 

273 
327 

238 

347 

-5 

700 

320 

126 

-1 

sto 

334 

34S 

-6 

r    i,o2.i 

I       1,040 

380 
388 

393 
385 

-2 

6,  100 

1.  1!  1 

1.  416 

+4 

6,800 

1,275 

i,  668 

Return 
distance 


Feet 

350 

590 

030 

750 

890 

1,010 

1.070 

6,  UK) 

6,  800 


TIME  CONSTANT 


Taking  on  load _ seconds . . 

Turning  at  fill do 

Dumping  load - do 

Turning  at  shovel..   -_-.   do 

Waits  and  delays .  .        do 

Total do 


Trucks 


135.6 

50.  7 

40.  t 

43,  l 

41.0 


311.  1 


214.6 
21.3 

20  o 

25.7 
-.,  0 


364.  6 


WORKING  TIME  LOST  BY  SHOVELS 


£  iass  :i  time  loss 


Minor  time  losses  of  shovels: 

Hauling  equipment,  insufficient  supply 

Hauling  equipment,  faulty  operation 

Moving  shovel  within  cut 

Shovel  operator 

Mechanical  repairs  and  trouble  with  shovel 

Sloping 

Smoothing  grade  and  loading  pit 

Checking  grade 

Miscellaneous., 

Major  mechanical  repairs,  shovel  and  cable 


Hauling  by 
wagons 


Pi  ra  nt 

1  1 

3    I 

5.  0 

.6 

2  9 
4.3 
2.7 

.5 
3.2 
2.0 


Eauling  b j 

trucks 


l'i 


ra  ut 

17  3 
I  6 
4.3 
.9 
1.9 
1.5 
2.  9 
.2 
3  8 
2. 9 


There  are  two  types  of  units  in  general  use — those 
drawn  by  tractors  and  those  provided  with  their  own 
power  units.  Crawler  treads  are  generally  used  on  the 
tractor-drawn  wagons  and  are  also  found  on  the  other 
type.  The  capacity  of  these  units  usually  varies  from 
3  to  10  or  even  12  cubic  yards.  The  sizes  generally 
used  with  power  shovels  range  from  5  to  8  cubic  yards. 
The  operation  characteristics  of  tractor-drawn  wagons 
are  shown  in  tables  6,  7,  9,  and  14. 

Where  the  grades  are  easy  and  the  hauling  condil  ions 
otherwise  favorable,  two  of  these  wagons  are  sometimes 
[drawn  by  one  large  crawler-tractor.  Two  wagons  are 
seldom  drawn  by  one  tractor  where  the  grades  are 
steep,  because  of  the  difficulty  of  control  on  the  descent . 
;On  good  or  fair  roadways  and  light  grades  two  wagons 
can  be  drawn  at  practically  the  same  speed  as  one;  but 
it  is  general  practice  to  shift  to  one  wagon  when  travel 
(becomes  difficult.      (See  table  4.) 

The  observations  made  are  not  a,  conclusive  proof 
that  under  favorable  conditions  a  tractor  can  haul  two 
wagons  as  fast  as  one  since  the  conditions  under  vi  hich 
the  1-  and  2-wagon  operations  were  studied  were  not 
strictly  similar.  On  elevating-grader  work  on  which 
both  1-  and  2-wagon  trains  were  used  there  was  noted  a 
tendency  to  use  two  wagons  until  the  hauling  road 
became  so  bad  that  2-wagon  trains  could  not  be  handled 
>r  the  haul  became  so  short  that  a  single  wagon  was 


Table  7.— Operating  characteristics  of  heavy  trucks  and  tractor- 
drawn  wagons 

[Two  lii-yard  shovels  on  one  job.     All  equipment  in  good  condition.     Mate-rial, 
earth  and  blasted  limestone.     Kale'   of  production,  85  and  110  cubic  yards  per 
working  hour  for  the  two  shovels,     tirades  light.     Average  load,  1  cubic  yards  (or 
trucks  and  8  cubic  yards  for  wagons] 


Heavy  trucks 

i  i  Li  tor-draw  n  wagons 

Length 

of  haul 

Length  of  haul 

Speed 

Loaded 

Return 

Loaded 

Return 

150  feel  

Feet  per 

ihiii  iili 

240 

296 

966 

Feet  per 
minute 

265 
220 
704 

200  feet 

Feet  pi/ 

ill  III  nli 
235 
279 
310 

Feet  per 

III  III  llll 

••III 

100  feet 

.".in  feel  ... 

220 

950  feet- 

370  feet      . 

320 

TIME  CONS  I   \      I 


Taking  on  load seconds. 

Turning do 

Dump  load .do 

Turning do 

Delays  and  waits. do 

Total  gross  time  constant do... 


lb  i'-  j 
trucks 


122 
8 
18 
53 

127 


- 


Tractor- 
drawn 

wagons 


239 

16 

9 

58 

237 


WORKING  TIME  LOST  BY  SHOVEL 


( llass  of  time  loss 


Minor  time  losses: 

Hauling  equipment,  insufficient  supply.. 

Hauling  equipment,  operation 

Moving  shovel  within  cut... 

Shovel  operator 

Mechanical  repair  or  trouble  with  shovel 

<  lean  pit  and  trim  slopes 

M  iscellaneous 

Major  mechanical  repairs 


Percent 


Percent 


3.3 

1  0 

:;  0 

9  8 

5.  5 

1.0 

1.2 

- 

5   1 

6.8 

6  3 

4.1 

.5 

Note.— One  man  did  all  the  sloping. 

Table  8. —  Time  constants  and  avi   <"/<  round-trip  speeds  of  tt 
operating  with  P/t-yard  shovel 

(Hauling  road  maintained  over  fills  and  through  cuts  with  bulldozers  equipped  with 
it  blades.     On  hauls  exceeding  1,200  feet  a  water  truck  was  used  to  sprinkle  the 
road  and  keep  it  firm.    When  required,  1  or  2  laborers  filled  boles,  ruts,  etc      Grades 
generally  about  5  percent] 


( iperal  oi 

Large  trucks,  5.7  cubic 
yards  pay  load 

Smaller  trucks,  4  cubic 
yards  paj 

Short  hauls, 
no  turns 

Long  hauls, 
2  turns 

Shot  1  hauls, 

no  turns 

Long  hauls, 

2  turns 

■■mis 
13s 
34 

Si  conds 

13s 
34 
81 

Si  ■  ■ 

120 
38 

Seconds 

120 

38 

Turn 

113 

Average  net  tune  constant . 

172 

271 

AVERAGE  ROUND-TRIP  SPEEDS,  I  MINI    I  I 

Large  trucks: 

Downgrade  on  hauls  over  1,250  ft  1,050 

Downgrade  on  hauls  between   loo  and  son 

feet,  no  turns  '-'til' 

Upgrade  on  hauls  over  l  ,500  feel  71  l 

Smaller  trucks: 

Downgrade  on  hauls  over  1,250  feet  810 

I  >••«  ngrade  on  hauls  bel  ween   100  and  800 
feet,  no  turns 301 

more  than  sufficient.     The  L -wagon  trains  were  oper- 
ated only  when  the  road  was  poor  or  when  there  was 
need  for  speed. 
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Table  9. —  Variations  in  hauling  speed  with  length  of  haul 

[7-yard  crawler-tread  wagons  with  heavy  trawler  tractors  working  with  lJ4-yard 
power  shovel.  Road  good,  with  easy  return  grades.  Average  load  of  pay  material, 
6.75  cubic  yards] 


Length  of  haul 

Speed 

Loaded 

Return 

130  feet 

Feet  per 
minute 

270 
288 

35 1 

Feet  per 

minute 

269 

t 

279 

500  feet .   

314 

1,000  feet 

33S 

NET  TIME  CONSTANT 


Second* 
_    20o 


Load 

Two  turns 30 

Unload 13 

Total _   248 

Table  10. —  Variation  of  hauling  speed  with  stir/mess  of  grade, 
length  of  haul,  ami  condition  of  ruad  SUrfaa 

[  llea\  \  ti  inks  can  5  ing  4  n  and  5.7  cubic  yards  pay  material  per  load,  working  with 
1 '  i -> : it .  1  powei  shovel      Trucks  in  good  condition] 


Length  of  haul 

Grade 

Speed 

Size  of 
load 

Condi!  ion  of  road 

Loaded 

Return 

150  feet 

—6 
-fi 

-i; 
-'.> 

-5 
—5 

+5 
+4 

+  4 
+  5 
+5 

-5 

-5 

Ft  it  pet 

minute 

3S0 

220 

174 

2211 

660 

680 

393 

105 

•      453 

433 

410 

1,285 

1,280 

'.170 

'.do 

Feet  pei 

in  in  lit  r 
178 
247 
315 
300 
662 
7m  i 
720 
950 
1,090 

1,    I'lM 

1.200 
847 
708 
830 

(Hill 

( 'ubic 
yards 

5   7 
4.0 

5.  7 

1    0 

4.0 
4.0 

5.7 
5.  7 

.-|  7 
5.  7 

1(1 
l.ll 

Rough. 
Do 

150  feel 

200  feet  .    . . 

Hough  and  slipperj  . 
Rough  to  fair. 
Fair 

3511  feet. 

1,250  feel 

1,40(1  feet 

1,50(1  feet 

1,550  feet. 

Do 

1,600  feet 

1,800  feel 

l  iu 

''IIOII  feel 

Do 

2.700  feel 

.'.700  feel  . 

1  10 

4,000  feel  .    . 
l.OOOfeet         

Fair 
i  lood 

Table   11- -  .\r>  rmji  speeds  mi  stei  p  grades 

[5-ton  trucks  backing  to  dump  ami  returning  in  forward  on  hauls  of  300  feet  with  an 
average  of  15-percent  grade,  one  section  about  50  feet  long  was  ovei  22  percent 
Trucks  in  good  condition.  Road  fairly  smooth  and  hard.  1-yard  shovel.  Studie 
extended  over  3  days] 


Day  of  study 

Backing 
downgrade 

Returning 

upgrade 

Second    .       

/ 1 it  pi i 

in  in  lite 
347 
284 
333 

Feet  pel 

mill  nil 

307 
342 

Third 

427 

AVERAGE  TIME  CONSTANT 

Seconds 

Taking  on  load 13S.  7 

Dumping  load       34.  o 

Maneuvering  on  dump l  ;i.  o 

Total...  191,7 

\  t-erage  grade  12  percent,  but  one  section  of  100  feet  of  25  percent  grade   haul  about 

350  feet] 


1  >ay  of  study 

Backing 
dim  ngrade 

Returning 

upgrade 

Fust 

Feet  per 
minuti 
229 

18(1 

Feei  per 
minuti 

37(1 
309 

second 

Table   12. — Effect  of  road  condition  and  length  of  haul  on  hauling 

speed  of  1)  ■•-ton  trucks   working  with   power  shovel 

[Trucks  in  fair  to  good  condition.    Mostly  easy  downgrades] 


Length  of  haul 


150  feet.. 

170  feet. 
275  feet.. 
300  feet.. 
320  feel 
325  feet 
360  feet.. 
600  feet- 
720  feet. . 
1,050  feet 


Speed 

Loaded 

Return 

Feet  pir 

Feet  pi  i 

m  in  ui, 

minute 

450 

617 

344 

344 

475 

528 

475 

(117 

475 

502 

52s 

175 

1117 

800 

862 

818 

750 

660 

1,  190 

1,  135 

Condition  of  road 


Somewhat  rough. 
Very  poor. 
Rough. 
Do. 
Rough  and  muddy. 
Rough. 

Mostly  fair,  some  rough. 
Fair,  easy  downgrade 
Fair,  with  steep  downgrade. 
Fair  to  good,  some  downgrade. 


Table  13. — Operating  characteristics  of  heavy  trucks  working  with 
1-yard  shovel  under  adverse  conditions 

[Mechanical  equipment  in  fair  condition.    Road  fair  to  poor  and  very  poor.    Trucks 
backed  to  dump.    Average  load  of  pay  material,  2.5  cubic  yards] 


Road  condition 


Length  of  haul feet__ 

Loaded  speed feet  per  minute.. 

Return  speed do 

Time  constants  for  various  operating  conditions: 

Taking  on  load seconds.. 

Turning  do 

Dumping  load do 

Turning do 

Wails  and  delays  do 

'total  time  constant do 


Fair        Poor 


320 
345 
330 


420 
395 


13 

14(1 


Verj 

poor 


530 
250 
360 


iso- 


Fair 


550 
425 
490 


228 


AVERAGE  PERCENTAGE   OF   WORKING   TIME  LOST 
Minor  time  losses  of  shovel:  Perceft 

Hauling  equipment,  insufficient  supply 2.  9 

Hauling  equipment,  faulty  operation 2.  3 

Moving  shovel  within  cu1   2.  6 

Shovel  operator .4 

Mechanical  repairs  and  trouble  with  shovel 1.  1 

Checking  grade 

Miscellaneous 3. 

Major  mechanical  repairs,  shovel  and  cable 13.  2 

MAINTENANCE   OF   HAULING    ROAD   IMPROVES    EFFICIENCY   OF 
OPERATION 

It  is  not  difficult  to  show  that  the  condition  of  the 
road  surface  has  considerable  influence  on  the  station- 
yard  cost  of  hauling,  but  it  is  difficult  to  obtain  data  as 
to  the  reduction  in  hauling  costs  which  can  be  obtained 
by  better  maintenance  of  the  road  surface.  System- 
atic maintenance  of  the  hauling  road  is  not  a  common 
practice  among  grading  contractors.  Only  a  few  seem 
to  have  discovered  that  it  pays  to  maintain  a  smooth 
surface  on  the  hauling  road  and  assign  men  and  equip- 
ment specifically  to  road  maintenance.  A  blade  grader 
is  most  frequently  used  but  in  some  cases  the  bulldozer 
is  used  whenever  it  is  not  busy  on  the  dump.  System- 
atic maintenance  of  the  hauling  roads  frequently 
results  in  a  sufficient  increase  in  operating  speed  to  per- 
mit the  use  of  fewer  hauling  units,  more  regular  opera- 
tion of  the  shovel  due  to  the  elimination  of  hauling 
delays,  and  greatly  reduces  the  wear  and  tear  on  the 
hauling  vehicles. 

Tables  5,  8,  13,  and  15  are  based  on.  time  studies  on  a 
number  of  jobs  and  show  variations  in  road  speeds  which 
nitty  be  expected  with  changes  in  road  conditions. 
These  data  indicate  results  which  may  he  expected  from 
adequate  maintenance  of  the  hauling  road.  The  ad- 
vantages of  road  maintenance  are:  (1)  Faster  speed, 
permitting  more  loads  to  be  hauled  in  a  given  time: 
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Table  14. — Operating  characteristics  of  7-yard  tractor-drawn 
wagons 

[Two  l'^'-yunl  shovels,  working  in  common  excavation.    All  equipment   in  £ 1 

condition.    Number  of  round  trips  timed,  628      Average  load  per  wagon  of  pay 
yardage,  6.75  cubic  yards      (trades  light] 


Length  nf  haul 

Speed 

i  oaded 

Return 

270  feet 

Feel  pi  r 
minutt 
285 
302 
325 

li  1 I  pt  i 

minute 

283 

325  feet 

298 

400feet 

310 

AVERAGE   TIME   CONSTANT 

Seconds 

Taking  on  load 19") 

Turning,  at  dump  and  shovel i!l 

Dumping 11 

Waifs  and  delays 32 

Total 269 

WORKING   TIME   LOST   BY   SHOVELS 


Class  of  time  loss 


Minor  time  losses  of  shovel 

Hauling  equipment,  insufficient  supply 

Hauling  equipment,  improper  operation.- . 

Moving  shovel  within  cut .. 

Shovel  operator -   

Mechanical  repair  and  trouble  with  shovel- 
Sloping .   ..   ...     .   

Smoothing  grade  and  loading  pit 

(lucking  grade 

Mi  cell  ineous 

Major  mechanical  repairs  to  shovel  and  cable 


Shovel 
no.  l 


Perci  nl 

1.3 

i   2 

10.  0 

L5 

5.  2 

2.7 


4  2 


Shovel 
no.  2 


l'i  ret  nl 
14.8 

2.  6 
8.  1 
2  n 
1.7 

3.  6 
5.  5 

.3 
3.  5 
3.2 


When  the  average  round-trip  wagon  speed  was  283  feet  per  minute  for  drawing 
1-wagon  trains,  this  was  reduced  to  259  feet  per  second  on  changing  to  2-wagon  trains, 
The  loading  time  was  increased  from  195  seconds  to  105  seconds. 

Table   15. — Operating  speed  of  heavy  trucks  on  steep  grades 

[Trucks  operating  with  l^-yard  shovel  and  carr;  i         I  of  3.5  cubic  yards 

of  pay  material.    All  equipment  in  good  condition.     Hauling  road  which  had  one 
or  more  sharp  curves  maintained  fairly  smooth] 


Grade 


Minus      percent 
Do  

Minus  20  percent. 
Do    

Minus  (i  percent- 


Length  of 
haul 


F<  1 1 


500 
550 
650 

Hi  in 
700 


Loaded 


Ft  1 1  per 
minutt 
310 
305 
330 
350 
550 


Keturn 


I  nl  pt i 

minutt 

283 
290 
300 




TIME  CONSTANT 

Seconds 

Taking  on  load 89 

Turning :;  1 

Dumping  load 29 

Turning .  30 

Waits  and  delays 84 

Total 266 

WORKING    I  [ME   LOST  BY  SHOVEL 

Minor  time  losses  of  shovel:  Percent 

Hauling  equipment,  insufficient  supph  4.  3 

Hauling  equipment,  faulty  operation  5.  3 

Moving  shovel  within  cut 2.  I 

Shovel  operator      .     ,  i 

Mechanical  repairs  and  trouble  with  shovel 

Sloping 1.  I 

Smoothing  grade  and  loading  pit .  1 

Miscellaneous -    s 

Major  mechanical  repairs,  shovel  and  cable .  2 


(2)  larger  loads;  (3)  greater  regularity  in  operation, 
thus  reducing  delays  at  the  shovel;  and  (4)  less  wear 
and  tear  on  the  hauling  equipment. 

Figure  1  shows  graphically  the  average  hauling 
speeds  attained  before  and  after  a  road  was  smoothed 
and  shaped  with  a  blade  grader.  The  grade  which 
averaged  about  -1  percenl  was  quite  rough  before  the 
blading  and  the  average  speed  over  it  was  only  630 
feet  per  minute  for  loaded  vehicles  .and  658  feel  per 
minute  for  unloaded  vehicles  in  returning  up  the  grade 
As  a  result  of  work  with  a  blade  grader  the  speed  of  the 
loaded  vehicles  was  increased  to  1,050  feel  per  minute 
and  the  speed  of  the  unloaded  vehicles  was  increased  to 
965  feet  per  minute.  The  improvement  of  the  earth 
ro.ad  resulted  in  an  increase  of  fib. 7  percent  in  the  speed 
of  the  loaded  vehicles  and  an  increase  of  47  percent  in 
the  return  speed  of  the  empty  vehicles  up  the  -fade. 
\\  hile  this  is  only  one  example  and  in\  oh  ed  only  heavy 
t  rucks  carrying  :; \.  cubic  yards  of  material,  it  is  believed 
that  conditions  were  typical  of  those  to  be  found  on 
many  projects.  Sprinkling  the  roadway  in  very  dry 
weather  has  sometimes  been  found  advantageous. 

Aside  from  rough  or  soft  yielding  road  surfaces,  the 
chief  deterrent  to  speed  is  steep  grades.  Sometimes  all 
of  these  conditions  are  combined  to  form  exceptionally 
bad  hauling  conditions.  The  effect  of  ascending  grades 
is  to  gradually  decrease  the  hauling  speed  at  a  rate  some- 
what faster  than  the  increase  in  grade,  as  successive 
points  are  reached  at  which  shifts  must  be  made  to 
lower  gear  ratios,  until  finally  a  point  is  reached  at 
which  the  vehicle  can  no  longer  haul  the  load.  The 
only  recourse  then  is  to  reduce  the  load.  In  highwaj 
grading  work,  however,  the  steepest  grades  are  almost 
invariably  descending  grades  for  the  loaded  vehicle 
The  limiting  grade  is  therefore  usually  fixed  by  the 
climbing  ability  of  the  unloaded  vehicle  while  both  the 
size  of  the  load  .and  the  speed  of  the  loaded  vehicle  on 
the  descent  are  largely  fixed  by  safety  considerations 
rather  than  the  hauling  .ability  of  the  vehicle.  The 
extent  to  which  grades  reduce  actual  hauling  speed  is 
indicated  in  tables  4,  6,  10,  1">,  16,  and  17.  Figures  1 
and  2  illustrate  the  way  in  which  the  rale  of  speed 
varies  on  a  grade. 

Soft  or  yielding  road  surfaces  have  much  the  same 
effect  in  reducing  the  speed  and  load-carrying  capacity 
of  the  hauling  vehicles  as  a  grade.      As  the  road  surface 


Figure   1.     Speeds    vt  Which  5-ton  Solid-Tired  Trucks  in 
(loon   Condition    Operated    Before    vnd    After    Mainte- 
nance  Wiin   a   Blade  Grader.     Curves  Snow    Speei 
mi  -  Points  Along  2    ro  1-percent  Gn 
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Table   16. — Speed  of  truck  operation  on  long,  moderate  grades 

[Hauling  excavation  from  IH-yanl  shovel.  5-ton  trucks,  good  condition.     Pay  load, 
'ihic  yards.    Long  6-percent  grade,  generally  fair  condition] 


Length  of  haul 

Loaded 

Return 

800  feel . 

Feet  per 

minute 
800 
870 
335 

1,055 
828 

1,020 

Feet  per 
minute 

643 

1,000  feet 

828 

1,100  leet  i . 

3.S7 

1,100  feet . 

970 

1,300  feet.  J 

1  100 

2,000  feet  3 

950 

1  Effect  of  narrow  road  which  prevented  easy  passing  of  loaded  and  empty  trucks. 

2  Road  somewhat  slippery,  requiring  caution  on  downgrade. 

3  Part  of  road  somewhat  spongy. 

AVERAGE  TIME  CONSTANT 

Seconds 

Load 110 

Turn  and  back  at  dump 53 

Dump  load 11 

Turn  and  spot  at  shovel 31 

Waits  and  delays 40 

Total 245 

Table  17. — Effect  of  rough  mad  surface  on  increase  in  spied  with 
increase  in  distance 

[Trucks  hauling  2  cubic-yard  loads  of  blasted  rock  down  rough  5  percent  grade. 
Trucks  in  fair  to  good  condition;  road  surface  very  rough  entire  distance] 


Length  of  haul 

Speed 

Loaded 

Return 

320  feet . .                  

Feet  per 
minute 
370 
370 
440 
457 
440 

Feet  per 
minuU 

317 

600  feet 

1,000  feet.. 

l.lOOfeet 

397 

1,250  feet 

gives  or  depresses  under  the  wheels  of  the  moving 
vehicle  there  is  the  equivalent  of  an  obstruction  in 
front  of  the  wheels  which  is  effective  in  reducing  speed. 
In  very  soft  ground  loads  must  be  drastically  reduced 
or  hauling  discontinued  until  the  road  becomes  more 
stable.  Hauling  speeds  are  sometimes  seriously  re- 
duced by  the  slipperiness  of  the  road  surface.  Some 
gumbo  and  clay  soils  become  extremely  slippery  and 
difficult  to  travel  over  when  wet  only  on  the  surface. 

DETERMINATION  OF    REQUIRED  NUMBER  OF  HAULING   UNITS  NOT 
A  DIFFICULT  PROBLEM 

Attention  has  been  called  to  the  practical  difficulties 
in  keeping  the  shovel  supplied  with  hauling  units. 
Some  of  these  difficulties  are  inherent  in  the  nature  of 
the  work.  Others  can  be  ascribed  to  the  contractors. 
On  some  jobs,  however,  the  extent  and  frequency  of 
variations  in  length  of  haul  are  largely  due  to  failure  of 
the  designing  engineer  to  appreciate  the  extent  to 
which  such  fluctuations  affect  the  cost  of  performing 
the  work.  The  hauls  on  a  job  for  which  the  average 
haul  is  500  feet  may  be  so  distributed  that  hauling 
equipment  sufficient  to  haul  all  of  the  material  1,000 
feet  must  be  provided.  Even  under  favorable  condi- 
tions this  extra  hauling  equipment  will  probably  add 
3  or  4  cents  per  cubic  yard  to  the  unit  cost  of  the  job 
without  adding  any  compensating  value  to  the  com- 
pleted work. 

It  is  believed  that  designers  can  profitably  devote 
more  attention  to  reducing  variations  in  haul  distances 
to  permit  more  effective  use  of  hauling  equipment. 

The  length  of  haul  is  usually  short — seldom  more 
than  600  or  800  feet  as  the  average  haul  for  most  of 
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Figure  2. — Speed  of  5-ton  Solid-tired  Trucks  Hauling 
Over  Old  Bituminous  Macadam  Surface.  Shovel 
Located  About  100  Feet  From  Highway. 

the  yardage.  The  difficulty  is  that  the  average  haul  is 
quite  different  from  the  actual  hauls  the  contractor 
must  make  to  place  the  materials  in  conformity  with 
the  requirements.  The  haul  distance  may  readily  vary 
from  practically  zero  to  2,000  or  3,000  feet  and  in 
extreme  cases  to  4,000  or  5,000  feet  for  a  relatively 
small  part  of  the  material. 

These  varying  lengths  of  haul,  in  which  the  rate  of 
variation  is  seldom  uniform,  cause  difficulties  in  main- 
taining a  correct  number  of  hauling  units  not  found  in 
other  lines  of  transportation.  As  the  length  of  haul 
changes,  the  number  of  hauling  units  should  be  increased 
or  decreased  if  perfect  balance  is  to  be  maintained.  In 
practice,  this  is  usually  impossible.  The  changes  in 
haul  lengths  are  too  frequent  to  make  tins  practical, 
and  the  number  of  hauling  units  maintained  on  the 
job  is  usually  almost  constant  from  day  to  day  and 
frequently  for  the  whole  job.  This  requires  the  selec- 
tion of  such  number  of  vehicles  that  when  the  hauls 
are  long  the  supply  will  be  insufficient  and  the  shovel 
will  lose  time  waiting  for  vehicles,  while  on  short  hauls 
the  supply  will  be  too  large  and  the  hauling  vehicles 
will  lose  time  waiting  for  the  shovel.  When  this 
arrangement  is  necessary,  the  number  of  vehicles 
selected  should  be  such  that  the  job  can  be  completed 
at  a  minimum  cost.  How  this  number  can  be  deter- 
mined will  be  shown  later. 

Determination  of  the  number  of  hauling  units  of 
given  size  and  kind  required  for  a  given  set  of  operating 
conditions  is  not  difficult.  Values  for  the  necessary 
factors  can  be  determined  readily  by  timing  operations 
with  a  stop  watch.  Only  factors  which  can  readily 
be  determined  and  checked  from  time  to  time  need  be 
used  in  the  following  method:  Let 

S=  average  round-trip  speed  of  hauling  unit  in 
feet  per  minute  exclusive  of  all  stops, 
turning,  switching,  etc. 
T=  total  time  constant  in  minutes;  that  is,  the 
sum  of  the  average  time  required  each 
round  trip  to  take  on  the  load,  dump  it, 
turn  and  maneuver  both  at  the  dump  and 
shovel,  and  all  regular  stops  and  delays. 
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A,  Two  5-Cubic-Yard  Wagons   Drawn   bi    \  Tractor;  B,    Truck   Designed  for   Easy   Backing;  C,   Truck    Dumping 

^boi  i    I      Cubic  Yards  of  Material. 
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/  =  time  in  minutes  required  to  take  on  load,  or 

longest    regular    stop    or    delay    if    this 

exeeeds  the  loading  time. 
L=length  of  haul  in  feet. 
N=  number  of  vehicles  required    to  just    keep 

shovel   in   continuous  operation   for  any 

haul,  L. 
A=  rental    value   of   hauling   vehicle,   including 

driver   and   operating  cost,    in   cents   per 

hour  of  working  time. 
ll'=  average  pay  load,  in  cubic  yards,  carried  1>\ 

vehicle. 
C=cost    of    hauling    in    cents    per    cubic-yard 

station. 
A'=eost  in  cents  per  cubic  yard  for  hauling  the 

material  a  distance  L. 
Q  =  number  of  loads  hauled   per  hour  by  one 

vehicle. 


Then 


2L     T 

N  =  St+t 


Q 


60S 


2L+ST 

A    ,1L 


*     oW<f^) 


(2) 

(3) 

(4) 
(5) 


Formula  2  gives  the  number  of  vehicles  required  to 
just  keep  the  shovel  in  continuous  operation  when  it  is 
working  at  the  rate  indicated  by  the  factor  f,  which  is 
the  average  time  required  to  load  each  vehicle,  ('are 
must  be  taken,  however,  that  the  operation  of  the 
hauling  units  is  such  that  no  regular  stop  exceeding  t  is 
permitted;  otherwise  this  stop,  and  not  I  lie  loading  rate 
of  the  shovel,  becomes  the  pacemaker.  As  an  example: 
With  wagons  having  an  average  round-trip  speed  of  400 
feet  per  minute,  a  time  constant,  T,  of  5  minutes,  and 
which  can  be  loaded  by  the  shovel  in  2%  minutes,  the 
number  of  hauling  units  required  for  a  haul  of  1,000 
feet  is  determined  bv  formula  2  as  follows: 


N= 


2X1000 


400X2 


, 


2000 
1110(1 


2  =  4 


Four  wagons  will  thus  be  required  under  these  condi- 
tions to  maintain  full  shovel  production.  An  addi- 
tional vehicle  must  be  added  or  taken  off  whenever  the 

St 
haul  changes  by  the  distance    -^-»   in  this  case 


10(1     2.  5 


500  feet. 


CONDITIONS  REQUIRING   ADDITIONAL  UNITS   ANALYZED 

The  addition  of  another  vehicle  at  tin1  first  indica- 
tion of  insufficient  hauling  equipment  is  not  economical. 
This  is  especially  true  when  vehicles  of  large  capacity 
are  used.     To  examine  this  question,  let 

D=total  rental  or  operating  cost  to  the  contractor 
per  hour  of  working  time  of  vehicle  to  be 
added. 
G  total  cost  to  the  contractor  per  hour  of  working 
time  of  his  working  force  and  equipment,  in- 
cluding flump  operations,  before  vehicle  is 
added. 


li- 


the number  of  minutes  per  hour  which  shovel 
can  afford  to  wait  for  hauling  units  before 
this  waiting  becomes  more  expensive  than 
adding  another  hauling  vehicle. 


Then 


II 


60D 
V+D 


(6) 


--^  *B°    W*r  J    ^ 

r   ■'*£,  ■  3§~  .  -':'W-.'.:^: '■■'  T"H 

t-^Hk- JrHHtV 

w      &*>*■     ^ 

-<^0"]    '  f^lkk     v  ..:™^" 

r^'Nflh 

*  mM 

Llx 

£  <•.■■''. 

'  • 

Hauling   Under  Adverse  Conditions. 

A  contractor  who  is  using  trucks  costing  $3  per  hour 
of  working  time  notices  that  because  of  the  increasing 
haul  distance  his  shovel  is  spending  time  waiting  for 
hauling  units.  The  operating  cost  of  the  equipment 
and  force  he  now  has,  including  shovel,  hauling  and 
dump  operations,  amounts  to  $20  per  working  hour. 
How  much  time  can  he  afford  to  lei  the  shovel  lose 
before  it  will  be  economical  to  provide  another  vehicle? 

From  the  above  (formula  6),  we  have  //—„».„  =  7.8. 

He  can  therefore  afford  to  lose  no  more  than  7.8  minutes 
an  hour  before  the  value  of  the  losses  in  reduced  pro- 
duction will  exceed  the  cost  of  the  additional  vehicle. 


In   Heavy   Work   the    Bulldozer   is   Essential  to   Orderly 
Dump  Operation. 

When  the  shovel  is  losing  7.8  minutes  an  hour  in  waiting 
for  trucks,  then  the  addition  of  another  truck  at  $3 
an  hour  will  neither  increase  nor  decrease  the  unit 
cost  of  handling  the  material  at  this  haul.  The  extra 
truck  should  be  added  whenever  this  length  of  haul  is 
exceeded.  By  permitting  the  shovel  to  work  contin- 
uously, the  added  truck  will  permit  handling  all  the 
material  with  hauls  longer  than  this  at  less  cost  than 
would  be  possible  without   the  added  truck'. 
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The  only  factor  to  be  watched  in  order  to  knovs 
when  it  becomes  economical  to  add  another  hauling 
unit  is  the  time  lost  by  the  shovel  in  waiting  for  ve- 
hicles. Consequently,  no  contractor  should  be  without 
a  stop  watch,"  or  fail  to  make  regular  use  of  it.  II', 
however,  a  determination  of  the  time  lost  by  the  shovel 
while  waiting  for  hauling  units  is  impractical,  the 
length  of  haul  at  which  another  hauling  unit  should  be 
added  can  l>e  determined  from  t 
which  all  the  terms  have  tin 
previously  given. 

T 


e  following  formula  in 

same    significance    as 


^!0'-M") 


(7) 


Here,  L'  is  the  length  of  haul  at  which  it  becomes 
economical  to  add  another  vehicle 

Large-capacity  hauling  units  are  frequently  used 
with  the  power  shovel,  and  the  efficiency  with  which 
they  can  be  operated  is  important.  Under  ordinary 
field  conditions,  the  vehicles  cannot  maintain  perfecl 
operation.  Drivers  become  careless  or  inattentive  and 
the  vehicles  require  attention  from  time  to  time. 

Aside  from  vehicle  delays  which  arise  from  having 
too  many  vehicles,  there  will  be  delays  imposed  by  the 
shovel  and  delays  due  to  the  trucks  themselves  or  their 
operators.  On  a  poorly  managed  job  the  total  of  these 
delays  may  be  very  large,  and  even  on  well-managed 
jobs  they  may  consume  from  one-third  to  one-half  of 
the  total  available  working  time  of  the  trucks. 

Table  IS  gives  the  time  losses  on  a,  fairly  well- 
managed  job  for  two  kinds  of  trucks  operating  with 
different  shovels.  All  the  trucks  were  in  good  to  fair 
condition.  The  3'j-ton  trucks  operating  with  the  hist 
shovel  carried  an  average  load  of  3  cubic  yards  of  pay 
material  while  the  5-ton  trucks  operating  with  the 
second  shovel  carried  average  loads  of  41  cubic  yards 
of  pay  material.  The  average  haul  was  about  1,000 
feet  for  the  first  and  about  700  feet  for  the  second. 
Grades  were  frequently  steep  but  the  road,  pit,  and 
dump  were  maintained  in  better  than  average  condi- 
tion. The  studies  cover  a  total  of  1,467  truck-hours 
and  1,202  truck-hours,  respectively. 

Table  18  indicates  the  necessity  of  taking  time  losses 
into  account  in  determining  the  time  constant  to  he 
used  in  formula  2  for  determining  the  number  of  hauling 
units  required.  The  ordinary  shovel  delays  are,  of 
course,  reflected  in  the  average  time  required  to  take 
on  load.  All  regularly  occuring  delays  to  the  hauling 
equipment  which  cannot  be  eliminated  must  he  added 
to  the  time  constant,  otherwise  the  indicated  number 
of  vehicles  will  be  insufficient.  In  determining  the 
truck  delays  to  be  included  in  the  time  constant,  care 
should  be  taken  to  exclude  all  delays  resulting  from 
having  too  many  vehicles.  Regular  waits  at  the 
shovel  indicate  an  oversupply,  but  regular  delays  at  t  he 
dump  are  an  indication  of  improper  dump  operation. 
If  the  trouble  cannot  be  removed  these  delays  ai  the 
dump  must  be  included  in  the  time  constant. 

METHOD  OF  OKTKRMININC;  REQUIRED  NUMBER  OF  HAULING  UNITS 
ILLUSTRATED 

The  number  of  hauling  units  to  he  maintained  with 
the  shovel  in  order  to  complete  the  job  at  the  lowest 
possible  cost  deserves  more  attention  than  this  problem 
usually  receives.  The  heavy  trucks  or  tractor-drawn 
wagons  generally  used  are  usually  considered  to  cost 
from  $2  to  $3  per  hour,  sometimes  more.  They  are  too 
expensive  to  wan-ant  the  use  of  more  than  are  neces- 
sary.   On  the  other  hand,  a  shortage  of  onlv  one  vehicle 


Table  is.  Percentage  of  available  working  time  lost  by  truck* 
working  with  power  shovels  in  well-blasted  rock,  shale  and  earth, 
a  ml  general  data  mi  operation 

[\llii  ink  ■  in  good  in  fair  eondil  ion] 


( 'auso  nf  delays  ti>  trucks 


Major  stops  each  of  15  or  more  mi  nutcs  in  dura  I  inn 
Shovel  casting 

Shovel  down,  trucks  waiting 
Truck  down,  adjustments,  repairs,  tires,  etc 
Too  many  trucks  on  job 

Total  major  time  loss 

Minor  stops  each  less  than  15  minutes  in  duration 
Operating  delays  on  road  and  at  dump 
Wails  to  j-'Ol  under  shovel 


Total  minor  delays 
Actual  productive  working  lime  of  trucks 
<  leneral  data 

Total  available  trucks,  hours 

Average  pay  yardage  per  load,  cubic  yards 

Average  iengl  h  ol  haul,  feel 

Average  round-trip  speed,  feet  pet  minute 

Average  nel  loading  time,  minutes 

Total  pay  yardage  hauled,  cubic  yards 


Working  lime    losl 
by    trucks    work 

'.  itli 


Shovel  I 


/'i hi  ill 
it  :t 
15  I 
13.2 
li  7 

35.  3 


2  3 
I  I  (i 

l(i  '.I 

17  x 

I,  167  n 

3  II 
970 
520 

2  5 
23,  1 1 1 


/'Mr   I    III 

.'    s 

12  5 

5    I 
I  I   !) 


2  I. 
II.  I 

t:i  7 
:,t  (i 

1,202  5 

I   5 
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;,i)ii 

3  1 
31,090 


A   Small  Truck    Body    Requires  Careful  Spotting  <>k  the 
Dipper   and   Increases   Dumping  Timi 

on  a  moderate  haul  may  readily  reduce  shovel  produc- 
tion by  20  to  30  percent.  'I  he  number  of  hauling  units 
which  the  contractor  maintains  on  the  job  therefore 
bears  a  very  definite  relation  to  the  profits  which  the 
job  may  he  made  to  yield . 

The  number  of  hauling  units  required  lor  a  particular 
set  of  operating  conditions  and  length  of  haul  can  he 
readily  determined  by  means  of  formula  2.  'I  his,  how- 
ever, offers  no  direct  solution  of  the  problem  of  the 
number  of  hauling  units  to  be  broughl  on  a  job  where 
conditions  permit  few,  if  any,  changes  to  he  made  during 
the  progress  of  the  work.  For  this,  a  more  detailed 
procedure  is  necessary. 

To  analyze  this  problem  the  quantities  which  must 
he  hauled  each  given  distance  are  first  tabulated. 
These  quantities  and  distance-  can  most  readily  he 
taken  from  a  mass  diagram  and  are  tabulated  as 
shown  in  table  10.  The  quantities  as  taken  from  the 
mass  diagram  for  each  haul  are  summarized  and  entered 
in  the  first  column  of  the  table,  with  the  corresponding 
haul  distance  given  in  the  second  column.  On  the 
project  analyzed  much  material  was  to  he  hauled  less 
than    500    feet,    but    the    shorter    hauls    were    all    suni- 


For  a  brief  discussion  of  the  mass  diagram  and  a  method  "f  taking  "IT  t  he  citian- 
i  hauled  any  given  distance,  see  Pi'ni.ii  Roads,  M  |>   I8and  I'J. 
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marized  under  this  distance  since  it  was  clear  that  any 
possible  minimum  equipment  for  this  job  would  be 
more  than  that  required  to  keep  the  shovel  at  full  pro- 
duction on  a  500-fool  haul.  To  further  subdivide  this 
short-haul  material  would  only  be  useless  labor. 

Tabu-;    19,     Determination  of  most  economical  number  of  trucks 
In  use  mi  n  given  j<>h 


Quanl 

Length 
of  haul 

Sho\  el  working  ;it 

full  production 

rate 

'rime 

to  compl 

ete  job  w 

th— 

(cubic  yards)' 

Hours  to 

complete 

given 

Number 

of  trucks 
required 

2 

trucks 

3 
trucks 

1 
trucks 

5 

trucks 

14,400 

Feet 
500 
600 

700 

Mill 

'.11)11 

1.  Hill 

1,  .Mill 

3.  Ill  III 

1,000 

o    com- 

complete 

18  00 

13  ."in 
6  oo 
13  ."in 

19  711 

'.1  (III 
23  mi 
16  mi 
13  25 

134.95 
job,  dull: 

3.  on 
3. 07 
3.  24 
3   12 
3.  44 

3.  70 

4.  00 
1  67 

i 

Hours 
27,  00 
20.75 
I  1  58 
23.  10 
33  wo 
Hi  92 
46.  0(1 
37,  4(1 
36  80 

256. 4,r. 
1.  in.;  20 

Hours 
18.00 
13  83 
0.  72 
15.  4(1 
22.  58 
1 1  28 
30  70 
25  on 
24.50 

171.01 
3.  240.  10 

Hours 
18  on 
13  50 

'.I  00 
I.;  ,",ii 
III   711 

9.  0(1 
23  00 
18.70 
18,  41 

112  81 
3.  141.82 

Hours 
18.00 

10,800 
7,200.. 

111. SI  III 

13.50 

9.00 
13.  50 

.  -'i«i     

18,400 

19.  70 

!l  (III 
23  0(1 

12,800 

in. r,i  in 

lfi.  00 
14.  70 

Hours    required 

plete  ioli  .-- 
Estimated  cost  of 

130.  40 

.'..110   (III 

i  Total,  107,960  cubic  yards. 

'I  Ins  example  i-  based  on  a  Hi-yard  shovel  operating  in  common  excavation  at  a 
rate  of  80  cubic  yards  per  working  hour.  Tost  of  equipment  and  personnel  on  shovel, 
dump,  and  maintaining  hauling  road  estimated  ai  $1"  per  working  hour.  Rental 
value  "f  truck  and  driver,  $3  per  working  hour.  For  truck  operation  on  the  job  the 
following  values  were  used:  7'  =  5.o  minutes;  r  =  2.5  minutes,  while  since  the  grades 
were  nut  bad  and  a  patrol  grader  was  available  for  maintenance,  S  was  taken  as  400 
feet  per  minute  for  all  hauls  to  and  including  ."illll  feel ,  l.'.n  feet  per  mmute  fur  the  hauls 
above  WO  feet  to  and  inch  el  mil'  1,100  feet;  600  feet  per  minute  for  all  hauls  of  3,000  feet 
ur  more 

If  trucks  could  be  employed  and  discharged  in  conformity  with  the  fluctuations  in 
Ha-  length  "f  haul,  the  cost,  of  completing  the  i"t'  could  tie  reduced  to  about  $'-','.100 


Vs 


■■  ,:;'. 


v 


S 


V 


Bulldozers  Can  Often  be 


Opening    we  <  'i  i    wd 


Preparing   a   Hauling   Road  Ahead  of  the  Shovel. 


In  the  third  column  was  entered  the  number  of  hours 
estimated  as  required  to  move  the  quantities  shown  in 
the  first  column  with  a  full  supply  of  hauling  equip- 
ment; in  other  words,  the  time  required  for  the  shovel 
to  handle  these  quantities  when  working  at  full  pro- 
duction. In  estimating  the  production  rate  for  the 
shovel  the  contractor  should  consider  his  past  experi- 
ence and  all  available  evidence  in  regard  to  the  char- 
acter of  the  materia]  and  the  probable  conditions  under 
which  the  work  will  be  performed.  If  different  classes 
of  material  resulting  in  different  production  rates  are 
involved,  such  as  common  excavation,  loose  rock,  and 
solid  rock,  the  known  or  probable  quantities  of  each 
should  be  entered  in  column  1  for  each  haul  distance. 
This  will  result  in  a  more  reliable  estimate  of  the  time 
required  to  complete  the  work  at  each  haul  distance. 

In  the  fourth  column  was  entered  opposite  each  haul 
distance  and  corresponding  quantity  the  number  of 
hauling  units  which  would  probably  be  necessary  to 
maintain  the  shovel  at  full  production  at  this  haul 
distance.  Numbers  of  trucks  are  computed  with  for- 
mula, 2,  using  values  for  7',  t,  and  S  based  on  experience 
and  judgment.  The  indicated  number  of  vehicles  will, 
in  general,  be  a  mixed  number  and  should  be  entered 
to  at  least  one  decimal  place.  Two  places  are  used  in 
this  example. 

There  was  then  entered  in  the  following  columns  the 
time  in  hours  required  to  complete  each  set  of  quantities 
with  the  number  of  trucks  indicated.  Whenever  the 
number  of  hauling  units  is  equal  to  or  greater  than  that 
required  to  maintain  the  shovel  at  full  production,  the 
time  required  to  perform  the  work  will  be  determined 
by  the  shovel.  When  the  number  of  hauling  units  is 
less  than  that  required  to  maintain  the  shovel  at  full 
production,  the  time  will  be  determined  by  the  hauling 
equipment.  This  new  or  increased  time  figure  will  have 
the  same  ratio  to  the  time  required  for  completion,  as 
given  in  column  3,  as  the  required  number  of  hauling 
units,  as  given  in  column  4,  has  to  the  number  of  haul- 
ing units  which  is  actually  to  be  used.  The  computa- 
tions are  simple  and  can  be  made  quickly  on  the  slide 
rule.  The  column  totals  give  the  number  of  hours 
that  will  be  required  to  complete  the  job,  when  hauling 
equipment  is  supplied  to  the  shovel  exactly  as  needed 
(column  3),  and  when  each  of  the  assumed  hauling 
supplies  is  employed  continuously  with  the  shovel  until 
the  job  is  completed.  In  this  example  all  hauling  units 
have  been  assumed  to  be  of  the  same  size  and  speed. 
If  vehicles  of  different  sizes  and  speeds  are  to  be  used 
the  computations  are  more  extended. 

The  final  step  in  making  this  table  was  to  compute 
the  operating  cost  when  each  of  the  assumed  hauling 
supplies  was  used  for  the  corresponding  period  required 
to  complete  the  job.  In  accordance  with  general  ex- 
perience it  was  assumed  that  the  hourly  rental  value 
of  the  shovel  and  the  equipment  on  the  dump  would 
be  practically  constant,  regardless  of  the  average  rate 
of  production  within  the  limits  of  this  particular  job. 
The  same  assumption  was  made  with  regard  to  the 
personnel  employed  with  the  shovel  and  on  the  dump. 
The  total  cost  per  operating  hour  of  the  equipment  and 
personnel  at  the  shovel  and  dump  was  then  estimated 
for  the  conditions  which  would  most  probably  exist  on 
the  proposed  job.  To  this  was  added  the  estimated 
hourly  or  daily  rental  value  of  the  given  number  of 
hauling  units  with  their  drivers.     In  computing  table 
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19,  the  estimated  operating  cost  of  shovel  and  dump 
was  assumed  for  purposes  of  illustration  at  $10  per  hour. 
The  hauling  equipment  was  assumed  as  heavy  trucks  at 
$3  per  hour  with  driver.  The  hourly  cost  of  operation 
is  therefore  $16  when  using  only  2  trucks  and  $25  per 
hour  when  using  5  trucks. 

Completing  the  indicated  multiplications,  we  find 
that  it  would  cost  the  contractor  $3,141  to  complete 
the  job  with  4  trucks.  Any  other  number  of  trucks, 
if  kept  out  on  the  job  throughout,  would  result  in  a 
higher  cost.  However,  if  trucks  could  have  been  cm- 
ployed  and  paid  for  only  during  such  time  as  they  were 
needed  to  keep  the  shovel  at  full  capacity,  the  cost  of 
completing  the  job  would  have  been  but  slightly  more 
than  $2,900.  The  variable  haul  distances  increased  the 
cost  of  the  earthwork  on  this  job  by  at  least  $240,  or 
nearly  S  percent — an  item  worth  consideration  by  both 
the  contractor  and  the  designing  engineer. 

Occasionally  the  extreme  hauls  are  localized  to  a 
certain  portion  of  the  job.  In  such  cases  the  project 
should  be  divided  into  sections  and  a  solution  made  for 
each.  Having  determined  the  most  economical  num- 
ber of  trucks  for  each  section,  the  contractor  can  plan 
to  increase  or  decrease  the  number  of  hauling  units  by 
the  determined  number  when  the  proper  points  arc 
reached. 


STANDARDIZATION  OF  EQUIPMENT  AIDS  EFFICIENCY 

The  use  of  a  variety  of  different  kinds  of  equipment 
has  a  tendency  to  increase  time  losses  and  decrease 
production.  Equipment  is  subjected  to  extremely 
hard  usage  and  mechanical  troubles  invariably  occur 
from  time  to  time.  It  is  much  cheaper  and  less  difficult 
to  keep  an  adequate  supply  of  spare  parts  on  hand  when 
the  equipment  is  closely  standardized  than  when  a 
variety  of  different  kinds  and  sizes  of  equipment  is 
used.  Standardization  of  hauling  units  permits  inter- 
change of  parts  and  one  line  of  spare  parts  will  suffice 
for  all  the  hauling  equipment.  If  more  than  one 
shovel  is  employed,  there  is  the  same  advantage  in 
having  them  alike.  This  will  permit  not  only  the  carry- 
ing of  a  smaller  investment  in  repair  parts  but  operators 
can  be  shifted  from  one  piece  of  equipment  to  another 
without  impairment  of  efficiency.  Repair  men  will 
become  more  expert  in  making  repairs  as  well   as  in 


diagnosing    trouble    and   in    the    routine    care   of   the 
equipment. 

Equipment  earns  no  profit  except  when  working. 
Anything  which  helps  to  keep  and  continue  the  equip- 
ment in  working  order  is  therefore  of  definite  value  to 
the  contractor.  Standardization  of  equipmenl  so  as 
to  permit  a  wide  interchangeability  of  parts  usuallj 
requires  no  outlay  and  only  a  little  definite  planning 
and  forethought,  and  should  lie  embraced  by  all  con- 
tractors to  whatever  extent  their  line-,  of  work  will 
permit. 

The  most  striking  fact,  brought  out  by  these  studies 
is  that  power-shovel  grading  work  is  more  a  problem  of 
transportation  than  of  excavation.  If  the  hauling 
equipment  is  insufficient  or  is  not  operated  with  pre- 
cision, the  shovel  is  handicapped,  production  is  rela- 
tively low,  and  unit  costs  are  high.  On  the  other  hand, 
if  too  man}'  hauling  units  are  used,  unit  production 
costs  are  unnecessarily  increased  while  the  problem  of 
proper  operation  of  the  hauling  units  still  remains. 
Therefore  control  and  operation  of  the  hauling  equip- 
ment requires  the  constant  and  most  painstaking 
attention  of  the  management. 

This  attention  to  the  hauling  should  not  he  given  at 
the  expense  of  an  almost  equally  vigilant  attention  to 
all  other  parts  of  the  job.  The  contractor  can  never 
afford  to  forget  that  the  shovel  is  the  key  item  of 
equipment.  It  must  be  constantly  maintained  in 
proper  condition  and  operated  with  a  high  degree  of 
skill  and  judgment.  Operations  on  the  dump  must 
not  be  allowed  to  hamper  or  interfere  with  the  rapid 
and  orderly  movement  of  the  hauling  units.  If  the 
ground  is  too  hard  to  dig  readily,  drilling  and  blasting 
must  also  be  carried  on  with  efficiency  and  dispatch. 

But,  even  all  this  is  not  sufficient.  Heal  efficiency  is 
attained  only  when  all  operations  are  performed  effi- 
ciently and  at  the  same  time  so  coordinated  and  syn- 
chronized that  all  of  these  several  operations  proceed 
methodically  and  without  interference  as  a  definite 
part  of  one  single  process.  To  attain  such  a  degree  of 
efficiency  in  power-shovel  grading  work  requires  the 
constant  attention  of  managerial  ability  of  the  highest 
order.  However,  the  rewards  to  he  gained  from  such 
management  are  such  that  no  grading  contractor  can 
afford  to  be  without  it. 
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THE  TAXATION  OF  MOTOR  VEHICLES  IN  1932 

DIGEST  OF  A  REPORT  RESULTING  FROM  A  SPECIAL  STUDY  BY  THE  U.S.  BUREAU  OF  PUBLIC  ROADS 

Reported  by  G.  P.  ST.  CLAIR.  Associate  Highway  Engineer 


was  m- 

:  for  the 

special 
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Registration: 

Passenger  cars,  including  tazicabs 

Busses 

Trucks  and  tractor  trucks 

Trailers  and  semitrailers .. 

Motorcycles.      ______ 


DURING  the  summer  of  L933  a  survey 
augurated  by  the  Bureau  of  Public  Roads 
purpose  of  determining  the  total  of  all 
taxes  imposed  on  the  owners  of  motor  vehicles 
United  States.  The  calendar  year  L932  was  the  most 
recent  year  which  could  be  studied.  A  large  volume  of 
data  was  gathered  and  the  work  of  analysis  was  not  com- 
pleted until  the  summer  of  L934.  A  full  report  of  this 
project  is  in  course  of  publication,  but  will  not  he  avail- 
able in  the  immediate  future.  This  article  is  a  digest 
of  the  essential  information   produced   by  the  survey 

The  effort  was  made  to 
have  the  survey  as  com- 
plete as  possible,  covering 
all  classes  of  taxing  juris- 
dictions. State  taxation 
of  motor  vehicles  has  been 
adequately  reported  in 
past  years  in  the  annual 
compilations  of  State 
reports  on  registration, 
registration  receipts,  and 
gasoline  taxes,  published 
}y  the  Bureau.  Other 
agencies,  including  Gov- 
ernment bodies,  industrial 
organizations,  and  stu- 
dents of  taxation,  have 
published  figures  on  the 
various  kinds  and  amounts 
of  motor-vehicle  taxes. 
The  present  survey  is  the 
iroadest  in  scope  yet 
attempted,  as  it  includes 
not  only  State  taxes,  but 
also  Federal  excise  taxes, 
county  and  m  u  n  i  c  i  p  a  1 
t  a  x  es,  personal-property 
taxes  on  motor  vehicles  i  1 1 1  - 
posed  by  State,  county,  and 
municipal  jurisdiction-, 
and    public    bridge     tolls. 

Only  t  he  public  charges 
>orne  directly  by  the  motor 
vehicle  owner  were  included  in  the  survey  totals. 
Purposely  excluded  from  the  investigation  were  such 
indirect  charges  as  automobile  dealers'  licenses,  fines 
and  penalties,  real-property  taxes  on  automotive  prop- 
erty (factories,  garages,  truck  and  bus  terminals,  etc 
ncome  taxes  on  motor-vehicle  operating  enterprises, 
state  chain-store  and  retail-sales  taxes  applying  to 
asoline  stations  and  dealers  in  automobiles  and  auto- 
notive  equipment,  and  similar  imposts  which  are  not 
evied  directly  on  the  ownership  and  operation  of 
notor  vehicles. 


The  field  work  was  conducted  by  a  Force  of  statisti- 
cians, employed  through  II  district  offices  of  the 
Bureau  and  operating  under  detailed  instructions  pre- 
pared by  the  Washington  office.  The  chief  statistician 
in  each  State  was  usually  a  person  employed  in  an 
administrative  office  of  the  State  dealing  with  regula- 
tion of  motor  vehicles,  a  former  employee,  or  other 
person  thoroughly  familiar  with  the  State  records. 

The  work  of  compiling  the  data  on  .State  taxation  of 
motor  vehicles  involved  a  careful  and  detailed  examina- 


tion   of    the    records    of    tin 


REGISTRATION  AND  TAXATION   OF   MOTOR 
VEHICLES    IN  1932 

STATE  FEES  AND  TAXES 


Total   . 
Special  motor-vehicle  carrier  fees 

Stale  gasoline  taxes     

Operators'  and  chauffeurs'  licenses 
Miscellaneous  fees  and  taxes 


All  State  fees  and  taxes 


Vehicles  reg- 
istered and 
tax-paid 


20,  836,  362 

VI,  152 

3,229,313 

415,27(1 

89,  HIT 

24,619,602 


Registration 
fees  paid 


S2ll.Tr,,  ITS 

3,416,697 

71,204,768 

3,515,345 

326, 889 

293,189,177 
5,  230,  7!I2 

513,047,239 
18,280,802 
9, 082,  968 


838,830,978 


ALL  FEES  AND  TAXES 


Federal  manufacturers'  excise  taxes 

State  fees  and  taxes.  

County  fees  and  laxes  (incomplete)  

Municipal  fees  and  laxes  (incomplete)  

Personal  property  taxes,  all  jurisdictions    approximate). 
Public  bridge  and  ferry  tolls  (incomplete)  


Grand  total 


$92,378,000 

838,831,000 

1,703,000 

14,158,000 

35,880,000 

18,200,000 


1,001,150,000 


study  was  made  in 
data  on  the  subject 


motor-vehicle  depart tnenf 

and,  in  some  cases,  of  ot  her 

agencies,  such  as  public 
service  commissions  regu- 
lating for-hire  carriers. 
The  w  ork  of  obtaining  data 
on  county  and  municipal 
special  taxes  and  personal- 
property  taxes  was  more 
difficult,  and,  necessarily, 
t  he  results  were  less  com- 
plete. While  much  infor- 
mation was  obtained  by 
interviewing  State  tax  offi- 
cials and  by  examining  the 
records  of  cent  ral  account- 
ing systems,  the  bulk  of 
the    material    was    derived 

from  answers  to  question- 
naires mailed  to  county 
and  municipal  officials,  re- 
quest ing  specific  informa- 
tion on  local  registration 
and  taxation  of  vehicles. 
In  the  survey  as  con- 
ducted no  data  were  ob- 
tained on  t  he  payments  by 
motorists  of  tolls  on  public 
brid  ires  and  ferries.  I  n 
onler  to  make  the  record 
of  motor-vehicle   taxation 

as  complete  as   possible,   il 
was  decided  to  include  such 
payments,     and     a      short 
Washington  office  of  available 


1  The  survey  was  carried  on  undei  the  joinl  supervision  of  II.  -    I  ,  Chief  of 

lie  I  in  ision  of  Informal  ion,  ami  E.  W     James,  I  ihief  of  the  Division  ol  M 
Transport.    The  work  of  organizing  ami  directing  the  held  force  of  statisticians   in 
ng  the  summer  of  1933  was  conducted  by  II.  II    Kelly,  ol  The  Division  of  Uiglnvaj 
Transport,  ami   Prof.  .1.  Trueman  Thompson,  of  the  Johns  Hopkins  n 

lata  were  i le  by  II.  It.  Kelly.  A.  C. 

Tuttle.    The  material  mi  i"'i  son  il  | 
axatiou  of  motor  vehicles  was  prepared  bj  II    R.    Hi  il-l'-. 
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The  analysis  and  compilation  of  the  da 
}.  P.  St.  Clair,  1..  A.  Ahhot,  and  I..  S. 
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RESULTS  OF  SI  \(\\A    si   MMARIZED 

The  total  payments  of  motor-vehicle  taxes,  Federal, 
State,  and  local,  as  reported  in  the  L932  survey,  are 
shown  in  the  tabulation  given  above.  It  will  be  ob- 
served that  public  bridge  tolls  and  county  and  munici- 
pal fee-  and  taxes  arc  marked  a  incomplete,  and  thai 
personal-property  taxes  are  marked  as  approximate 
Of  these,  all  totals  except  that  for  personal-property 
taxes  arc  undoubtedly  less  than  the  actual  payments  of 
such  ia\es  in  L932.  'The  replies  to  questionnaries  on 
county  and  municipal  taxes  were  incomplete,  as  was 
also  the  information  obtained  on  the  subject  of  bridge 
tolls.       In    the   case   of    persona  1-propert y    taxes    a    very 
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thorough  study  was  conducted,  and  estimates,  based 
on  the  best  information  which  could  be  found,  were 
made  in  cases  where  the  data  were  not  complete.  For 
this  reason  it  is  believed  that  the  total  payments  of 
personal-property  taxes  in  1932  were  not  in  excess  of 
the  amount  tabulated. 

The  number  of  vehicles  (including  motorcycles  and 
trailers  and  semitrailers)  reported  by  the  States  as 
registered  and  tax-paid  in  1932  was  24,619,602.  The 
tojtal  motor-vehicle  tax  payments  recorded  in  the  sur- 
vey were  slightly  more  than  a  billion  dollars,  or  $40.66 
per  vehicle. 

Payments  to  the  State  governments,  chiefly  in  the 
form  of  registration  fees  and  gasoline  taxes,  constitute 
the  great  bulk  of  motor-vehicle  tax  payments.  The 
1932  total,  as  reported  in  the  survey,  amounted  to 
$838,830,978.  In  the  reports  submitted  by  the  statis- 
ticians, registrations  and  payments  of  registration  fees 
were  classified  by  type  of  vehicle,  class  of  service,  and, 
in  the  case  of  busses,  trucks  and  tractor  trucks,  and 
trailers  and  semitrailers,  by  size — either  by  rated  capac- 
ity or  by  weight  classifications.  A  similar  break-down 
of  payments  of  special  fees  by  ccmmercial  carriers  was 

Table  1. — State  taxes  imposed  mi  molar  vehicles  in  1982;  national  totals,  averages,  and  percentages  for  vehicles  of  different  types  and  classes 

of  service 


given  in  some  States,  but  others  failed  to  classify  such 
payments  completely. 

In  order  to  reduce  the  reported  figures  to  a  uniform 
scheme,  so  that  national  totals,  averages,  and  percent- 
ages might  be  obtained,  a  system  of  approximations 
was  adopted  which  involved  conversions  from  gross, 
net,  or  chassis  weight  of  vehicle  to  rated  capacity  and 
the  classification  of  registered  vehicles  and  correspond- 
ing payments  in  certain  chosen  capacity  groups.  It  was 
also  decided  to  estimate  the  payments  of  gasoline  taxes 
by  the  different  types,  classes,  and  sizes  of  vehicles.  A 
systematic  method  of  approximation  was  adopted  and 
applied  to  the  reported  payments  of  gasoline  taxes  in 
all  the  States.  The  methods  used  in  this  work  are 
discussed  later  in  the  report. 

STATE  FEES  AND  TAXES  SUMMARIZED 

Table  1  gives  the  total  number  of  vehicles  of  each 
type  and  class  of  service  reported  in  the  survey  as  reg- 
istered and  paying  regular  fees  in  1932,  together  with 
corresponding  payments  of  registration  and  special  fees, 
and  estimated  gasoline  tax  payments.  Publicly  owned 
and  tax-exempt  vehicles,  where  separately  reported, 
wTcre  excluded  from  the  tabulation.     Averages  per  vein- 


Number 

registered 

Per- 
centage 
distri- 
bution 

Regulai  registration  fees  ' 

Estimated  payments  of  gasoline 
taxes 

Special 
fees  and 
taxes  2 

All  fees  and  taxes 

Type  of  vehicle  and  class  of  service 

Amount 

collected 

Average 

per  \  e 

hide 

Percent- 
age dis- 
tribution 

Amount 

A  verage 
per  ve- 
hicle 

Percent- 
age dlS- 
i!  ilnii  ion 

Amount 

Average 

per 
vehicle 

Percent- 
age dis- 
tribution 

Passenger  cars  3 

20, 759, 140 
77,  222 

84.32 
.31 

$213,357,330 
1.368,148 

$10.  28 
17.72 

72.89 
.47 

$375,082,015 
4,  682,  742 

$18.  07 
60.64 

73.  11 
.91 

$588,  439,  345 
6,168,887 

$28.  35 
79.89 

72.51 

$117,997 

.76 

Passenger  cars  and  taxicabs 

20.  836,  362 

84  63 

214,725,478 

10.31 

73.36 

379,  764,  757 

18.23 

71  02 

117,997 

594.608.232 

28.  54  |           73.  27 

Busses: 

9,813 

3,314 
36,  325 

.04 

.ill 
.  15 

211,633 

157,395 

:t,UI7.  009 

21.57 

17   19 
83.90 

.07 

.06 
1.04 

384,393 

331,783 
5,  382.  256 

39  17 

100.  12 

148.  17 

.07 

.07 
1.05 

596,  026 

506,  550 
10,717,141 

60.  74                 .  08 

Contract,   including  sight-see- 

17,372 
2.  287,  216 

152.85 
295.03 

.06 

Public-carrier— 

1.32 

All  busses  ..  

49,  452 

.20 

3,416,697 

69.  09 

1.17 

6,  098,  432 

123.  32 

1.  19 

2.  304,  588 

11,819,717 

239.  01 

1.46 

Trucks  and  tractor  trucks: 

Privately  owned  andopciatcd  " 

3,  144,704 

69,  sin 
14,771 

12.78 
.28 
.06 

68,113,536 
2,  174,537 

486, 474 

'.'1  66 
31.  14 
12  93 

23  27 

.74 
.  17 

121,046,779 
1,361.227 

1,153,663 

38   19 

62   II 
78.10 

23.  60 
.85 
.22 

1,886 
"1,112,015 
•  1,107,187 

189,  162,  201 
»  7,  647,  779 
»  2,  747,  324 

60.  15 
108.  35 
183.  49 

23.31 
.94 

.34 

All  trucks  and  tractor  trucks 

3,229,315 

13.  12 

70,  774,  547 

21.92 

24  18 

126,  561,  669 

39.  19 

24.67 

2.221.088 

199, 557, 304 

61.80 

24.  59 

Trailers  and  semitrailers: 

Privatelv    owned    and    oper- 
ated "    ..   

106,  131 
5,  008 
3,  837 

1 .  65 
.02 
.02 

3,  134.711 
179.(107 
131,041 

7.71 
35  71 
34.  15 

1.07 
.  06 
.05 

3,134,711 
311,322 
524,  326 

7.71 
62.16 
136.  65 

.39 

Contract-carrier  1! . 

132,  315 
393,  285 

.04 

Common-carrier  l3._ 

.06 

All  trailers  and  semitrailers.. 

415,276 

1.69 

3.  444,  759 

8.  30 

1.18 

525,  600 

3,  970,  359 

9.56 

.49 

89,  197 

.36 

326,  889 

3.  66 

.11 

622,  381 

6.98 

.12 

20 
562,  306 

949,  290 
562,  306 

10.64 

.12 

.07 

All  vehicles 

24,  619.  602 

100.  00 

292,  688.  370 

11.89 

100.  00 

513,047,239 

21.20 

100.  00 

5,  731,  599 

811,467,208 

32.96 

100.00 

Miscellaneous  fees  and  taxes 

Operators'  and  chauffeurs' 
licenses .- - 

18,  280, 802 
9. 082,  968 

Other  fees  '* 

Total 

27,  363,  770 

1.  11 

Grand  total,  all  fees  ;,nd  taxes 

1 

838,  830, 978 

34.  07 

1 

1  In  the  case  of  contract,  and  common  carriers  of  properly,  registration  fees  in  excess  of  those  based  on  the  rate  charged  private  carriers  have  been  deducted  and  included 
with  special  fees.    Total  payments  of  registration  fees  were  $293,189,177,  as  shown  in  the  box  on  page  185. 

•'  Includes  $500,807  in  excess  registration  lees  paid  by  contract  anil  common  carriers  of  property,  $2,459,783  in  mileage,  ton-mile,  and  passenger-mile  taxes,  $1,323,413  in 
receipts  taxes,  and  $1,447,596  in  other  special  fees,  including  franchise  fees,  privilege  taxes,  fees  for  certificates  of  convenience  and  necessity,  etc. 

3  Includes  taxicabs  and  other  for-hire  passenger  cars  in  20  States  fo'  which  this  item  could  nol  he  segregated.     Hearses  and  ambulances,  where  reported  separately,  have 
been  included  with  passenger  cars 

<  Totals  for  27  States  and  the  District  of  Columbia.    Includes  livery  cars,  TJ-drive-it  cars,  and  other  for-hire  passenger  cars.    In  the  case  of  California,  taxicabs  were  in 
eluded  with  Hghl  delivery  trucks. 

5  Totals  for  16  States.     In  other  States  either  there  were  no  tax-paid  school  busses  or  thev  weie  included  with  other  registration  classifications,  chiefly  public-carrier 
busses. 

e  Totals  for  19  States  and  the  District  of  Columbia.     In  other  States  contract  and  sight-seeing  busses  either  were  not  reported  or  were  included  with  other  registration 
classifications,  chiefly  public-carrier  busses. 

'  Includes  contract  carriers  in  25  Slates  and  the  District  of  Columbia  and  common  carriers  in  14  States  and  the  District  of  Columbia,  which  did  not  report  these  classes 
separately. 

*  Totals  for  23  Stales.     (See  footnotes  7  and  9.)     Includes  common  carriers  in  3  States  (Arkansas,  Ohio,  and  Wrest  Virginia)  which  reported  these  classes  together. 
i   iese  items  include  payments  of  special  fees  to  the  amount  of  $80,701  bycontracl  carriers  in  Montana.  Oklahoma,  and  South  Dakota,  and  $36,971  by  common  carriers  in 
South  Dakota,  which  were  iKit  segregated  from  privately  owned  and  operated  trucks.     The  numbers  of  these  vehicles  and  their  payments  of  registration  fees  and  gasoline 
taxes  aie  included  with  private  trucks.     Averages  pel  vehicle,  for  the  items  noted,  were  based  on  the  p:i\  incuts  h\  I  he  hi. 840  contract  carriers  and  14.771  common  carriers 
regularly  listed. 

to  Totals  foi  :to  Slnte...     (See  footnotes  7.  8,  and  'i       Ma    achusetts  reported  contract  carriers,  but  no  common  carriers. 

ii  Includes  contract  carriers  in  24  Slates  and  the  District  of  Columbia,  and  common  carriers  ill  17  States  and  the  District  of  Columbia,  «  hich  did  not  report  these  .lasses 
Separately.     Oklahoma  had  no  registration  of  nailers  in  1932;  in  Kentuckj  full  trailers  were  not  permitted,  and  semitrailers  were  included  with  trucks. 
•'  Totals  for  2(1  States.     (See  fool  mile  II  |      Includes  common  can  icis  in  2  States  (Arkansas  and  Ohio)  which  reported  these  two  classes  together 

''■  Totals  for  24  States.     (See  footnotes  II  and  12.)     Massachusetts,  North  Dakota,  and  Vermont  reported  no  common-carrier  trailers  or  semitrailers. 

H  Special  lees  which  could  not  be  allocated  to  specific  classes  of  vehicles  bj  reasonable  methods  of  approximation. 

in  Includes  fees  for  reregistrations,  transfers,  certificates  ol  title,  temporal  \  entry  permits,  nominal  fees  paid  by  publiclv  owned  vehicles,  etc. 
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cle  and  the  percentage  distributions  of  registrations  and 
payments  are  also  given.  In  this  tabulation  payments 
of  registration  fees  by  contract  and  common  carriers  of 
property  in  excess  of  those  based  on  the  rates  charged 
private  carriers  have  been  deducted  from  registration 
fees  and  placed  with  special  fees  and  taxes. 

Examination  of  the  percentages  given  in  table  1 
reveals  the  following  facts: 

1.  The  owners  of  passenger  cars,  which  constituted 
84.3  percent  of  all  vehicles,  paid  72.9  percent  of  the 
registration  fees  and  73.1  percent  of  the  gasoline  taxes. 

2.  Taxicabs,  reported  separately  from  passenger  cars 
in  27  States  and  the  District  of  Columbia,  comprised 
0.3  percent  of  the  vehicles;  they  contributed  0.5  percent 
of  the  registration  fees  and  0.9  percent  of  the  gasoline 
taxes . 

3.  Motor  busses,  which  included  0.2  percent  of  the 
vehicles,  contributed  1.2  percent  of  the  registration-fee 
payments  and  1.2  percent  of  the  gasoline  taxes. 

4.  Motor  trucks  and  tractor  trucks,  comprising  13.1 
percent  of  the  vehicles,  paid  24.2  percent  of  the  regis- 
tration fees  and  24.7  percent  of  the  gasoline  taxes. 

5.  Trailers  and  semitrailers  constituted  1.7  percent  of 
the  vehicles  and  paid  1.2  percent  of  the  registration  fees. 

Motorcycles,  constituting  0.4  percent  of  the  vehicles, 
contributed  0.1  percent  of  the  registration  fees  and  0.1 
percent  of  the  gasoline  taxes. 

Special  fees  to  the  amount  of  $5,230,792  were  eol- 

ected  from  operators  of  vehicles  for  hire  and,  in  a  lew 

States,    from     certain     classes    of    private    operators. 

{These    imposts    took   the   form   of   mileage,    ton-mile, 

p  passenger-mile  taxes,  receipts  taxes,  special  weight 

p  capacity    taxes,   franchise  fees  or  privilege    taxes, 

Lermit  fees,  and  fees  for  certificates  of  convenience  and 

Necessity.     To  this  amount  must  be   added  $500,807 

,jn  excess  registration  fees  paid  by  for-hire  carriers  of 

property    (fees   in   excess  of   those   calculated  on  the 

[rivate-carrier  rate).     If  the  special  fees  are  added  to 

ijpe  registration  fees  and  gasoline  taxes,  it  is  found  that 

•usses  contributed  1.5  percent  and  trucks  and  trailers 

5.1  percent  of  all  fees  and  taxes  directly  imposed  on 

,iotor  vehicles  in  1932. 

^AVERAGE    PAYMENTS   SHOW   SHARP   INCREASE    WITH   SIZE    OF 
VEHICLE 

'  As  the  weight  or  capacity  of  vehicles  increases  there 
L  in  general,  a  steady  rise  in  the  average  fees  paid, 
h  table  2  the  variation  of  average  payments  of  regis- 
■ation  fees,  gasoline  taxes,  and  all  fees  and  taxes  is 
lown  for  public-carrier  busses,  for  all  trucks  and 
■actor  trucks,  and  for  all  trailers  and  semitrailers. 
jhese  are  national  averages  for  1932,  based  on  data 
>tained  in  the  survey. 

CONCLUSIONS  AND  COMMENTS 

The  complexity  of  the  motor-vehicle  tax  situation  in 
le  United  States  makes  it  very  difficult  to  draw  any 
'inclusions  which  are  both  definite  and  generally 
uplicable.     The   following   statements,   however,    are 

pported  by  the  data  gathered  in  this  survey. 

1.  There  'is  an  extraordinary  lack  of  uniformity 
ong  the  States,  both  in  the  methods  of  motor-vehicle 

:ation  and  in  the  magnitudes  of  the  rates  charged, 
lie  greatest  variation  was  found  in  the  bases  on  which 
lgistration  fees  were  charged,  including  gross  weight, 

t  weight,  chassis  weight,  capacity,  horsepower,  value, 

d    various     combinations     of     these     factors.      Lhe 

neral  adoption  of  a  common  basis  for  registration 
fts  is  desirable. 


Table  2. — Average  payments,  in  1932,  of  registration  fees,  gasoline 
taxes,  and  all  fees  anil  taxes,  li//  vehicles  of  different  rated. 
i  opacities 

PUBLIC-CARRIER   BUSSES 


Rated  capacil  \ 


Passengers: 

7  or  less. 

8  tci  20 
Over  20. 


Registra- 
1 1. hi  fees  ; 


{25  84 
57  39 
99.  20 


Gasoline 
taxes 


$52.  50 
123  13 
170.  2B 


\M  fee 

and 
lines  -' 


$104.77 
234.  50 
329  98 


ALL  TRUCKS  AND  TRACTOR  TRUCKS 


Tons: 

1!.'  and  less 

Over  1 ' ■>  and  less  than  3- 

3  and  less  than  5 

5 

Over  5 


$15.51 

$30.  10 

38.  21 

10.  33 

07.  33 

.v.i  so 

07.  57 

08.  10 

[13.89 

SI.  12 

551  85 
85.  92 
130.40 
168.49 
199.60 


ALL  TRAILERS  AND  SEMITRAILERS 


Tens: 

1V4  and  less 

Over  1H  and  less  than  3. 

3  and  less  than  5 

5 ._ 

Over  5 


$3.  34 
14.08 

30.  40 

59  -'I 
70.55 


$3.  42 
15.  63 
41.71 
69  32 

92.  35 


i  Excess  registration  fees  paid  by  for-hire  carriers  of  property  were  included  in  the 
calculation  of  these  averages. 
•  Includes  special  fees. 

2.  The  principle  that  registration  fees  should  increase 
with  the  size  of  the  vehicle,  as  measured  by  weight, 
carrying  capacity,  horsepower,  or  cost,  is  recognized 
in  the  laws  of  all  States,  the  only  exception  being  the 
District  of  Columbia,  in  which  a  uniform  fee  of  $1  is 
charged.  There  is  great  variety  in  the  application 
of  this  principle;  in  some  States  the  increase  of  registra- 
tion fees  with  size  is  relatively  moderate,  while  in  a  few 
the  range  is  very  wide,  registration  fees  in  excess  of 
$1,000  being  charged  against  the  heaviest  vehicles. 

3.  There  is  a  noticeable  tendency  for  the  taxation 
imposed  on  motor  vehicles  to  be  relatively  high  in  those 
States  in  which  the  intensity  of  motor-vehicle  owner- 
ship is  low,  as  indicated  by  a  relatively  large  number 
of  persons  per  vehicle.  This  condition  was  particularly 
noted  in  the  Southern  States,  where  the  mileage  of  roads 
to  be  improved  and  maintained  is  very  large  in  relation 
to  the  number  of  motor  vehicles  registered. 

4.  The  imposition  of  unusually  high  registration  fees 
on  heavy  vehicles,  particularly  trucks,  in  a  few  States, 
combined  with  high  gasoline  taxes,  has  apparently  dis- 
couraged the  registration  of  such  vehicles,  with  the 
result  that  the  high  rates  were,  productive  of  little 
revenue  in  1932. 

"..  Comparison  of  the  number  of  heavy  trucks 
registered  in  certain  States  with  the  existing  mileage  of 
high-type  roads  and  particularly  of  portland  cement 
concrete  roads,  in  the  same  States,  leads  to  the  con- 
clusion that  such  roads  have  been  built  primarily  in 
response  to  the  demands  of  traffic  in  general,  rather 
than  specifically  to  support  heavy  loads. 

6.  Approximately  it  percent  of  the  revenues  derived 
from  State  motor-vehicle  and  gasoline  taxes  in  1932 
were  diverted  to  uses  not  related  to  roads  and  streets. 
The  principal  items  of  diversion  included  payments  to 
general  funds,  $39,652,339;  unemployment  relief, 
$19,546,456;  and  schools,  $14,522,113. 

7.  Fees  and  taxes  imposed  on  motor  vehicles  by 
counties  in  1932  were  negligible  in  comparison  with 
those  imposed  by  other  jurisdictions,  the  total  reported 
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being  less  than  $2,000,000.  Such  taxes  were  found  in 
only  5  Stales.  Fees  imposed  by  municipalities  were 
found  in  :!(.i  States,  and  the  total  amount  reported  was 
over  $14,000,000. 

8.  Personal-property  taxes  were  imposed  on  motor 
vehicles  by  either  State,  county,  or  local  authorities  in 
31  States  and  the  District  of  Columbia,  the  estimated 
collections  being  in  the  neighborhood  of  $36,000,000. 
Because  of  difficulties  in  assessment  and  collection  the 
personal-property  tax  as  ordinarily  administered  is  not 
effectively  applied  to  motor  vehicles.  Five  States  and 
the  District  of  Columbia  require  that  evidence  of  tax 
payment  be  presented  before  licenses  are  issued  to 
vehicle  owners,  thus  insuring  full  collection  for  all 
registered  vehicles.  Seventeen  States,  containing4  46 
percent  of  all  registrations,  exempted  motor  vehicles 
from  taxation  as  personal  property. 

1933   REGISTRATIONS  AND  PAYMENTS  COMPARED  WITH  THOSE  OF 

1932 

In  table  3  a  comparison  is  made  between  the  payments 
by  motor  vehicles  in  1932,  as  given  by  the  survey  (pins 
certain  other  items)  and  the  data  on  State  motor-vehicle 
and  gasoline  taxes  for  1933,  given  in  the  annual  tables 
published  by  the  Bureau,1'  together  with  the  1933  pay- 
ments of  Federal  excise  taxes  relating  to  motor  vehicles. 
No  data  were  obtained  on  payments  in  1933  of  county 
and  municipal  fee-3  and  taxes,  personal-property  taxes 
or  public  bridge  tolls,  and  for  this  reason  no  total  is 
given  for  1933. 

The  data  for  the  2  years  are  not  comparable  in  all 
respects  because  of  differences  in  the  manner  of 
reporting;  for  example,  eight  States  reported  bus^e^ 
with  trucks  in  1083.  In  order  to  make  the  comparison 
as  close  as  possible,  certain  modifications  have  been 
made  in  the  manner  of  presenting  the  1932  data.  In 
the  1933  table  special  fees  paid  in  lieu  of  registration 
fees  in  California,  Maryland,  and  South  Carolina  were 
tabulated  as  registration  fees.  To  conform  with  this 
procedure,  similar  payments  in  1932  have  been  deducted 
from  special  fees  and  added  to  registration  fees,  the 
States  concerned  being  those  given  above  ami  West 
Virginia.  Certain  items  have  been  added  which  were 
omitted  from  the  1932  survey  totals  because  they  were 
not  regarded  as  direct  taxes  imposed  on  motor-vehicle 
owners.  These  include  dealers'  licenses,  certain  mis- 
cellaneous receipts  of  the  motor-vehicle  departments, 
including  lines  and  penalties  in  a  number  of  States,  and 
miscellaneous  receipts  connected  with  the  administra- 
tion of  the  gasoline-tax  laws.  These  additions  were 
made  in  order  that  the  tabulation  for  1932  should 
conform  with  the  published  data  for  1933. 

In  comparing  vehicle  registrations  in  the  2  years, 
we  find  that  there  was  a  small  decrease  in  the  total 
number  registered,  the  greatest  change  being  in  pas- 
senger vehicles.  Trailers  show  a  considerable  increase. 
Similar  changes  occurred  in  payments  of  registration 
fees,  although  motorcycles  show  an  increase  in  registra- 
tions and  a  decrease  in  payments.  There  was  a  reduc- 
tion of  0.9  percent  in  total  registrations  and  of  8.0 
percent  in  total  payments  of  registration  icv^ 

Tin-  relatively  large  decrease  in  payments  of  registra- 
tion fees  was  caused  by  changes  in  the  rates  charged. 

•  Table  G  l.  State  Oasoline  Taxes,  1933,  was  published  in  Public  Roads,  vol  15, 
mi.  5,  .Inly  1934,  and  tables  MV  l  ami  A I  V  2,  uivinn  State  motor-vehicle  registrations 
ind  fi'r-  were  published  in  Public  Roads,  vol,  15,  no.  7.  September  1934. 


Table  3.- 


Comparison  of  motor-vehicle  tax  payments  in  193.'  am 
1933 


Item 

1932 

1033 

Increase  or 

decrease  iD 
1933 

Vehicles  registered: 

20,885,81  l 
3,229,315 

415.2711 
89,  197 

20,  600,  543 

-■3,22(1.717 
172.  789 

01.087 

-285,  27  ■ 

-2,  se 

+57,  51 

+2,7E< 

Ti  neks  ami  tractor  trucks 

Trailers  and  semitrailers.   ..  

Motorcycles. _. 

24,  619,  602 

24,  392,  066 

-227,521 

Registration  fees: :: 

$218,11117.  199 

71,444,038 

3,  682,  872 

326,889 

$195,841,695 

-  70,208,260 

4.208.007 

320.  853 

-$23,065,81 

-1,145,77 

+615,  ll 

-6,0M 

Trailers  and  semitrailers.       .. 

294,361,298 

4,058.671 
18,  280.  8(12 
4,  340,  239 

1.(113.977 

4.  712.  720 

3,02(1,457 

514.  138.011(1 

270,758,815 

5.398.  154 
18,075,282 

3,507,  osl 

1,596,647 

}•     8,  755.  337 
510,403,450 

-23,  602,4*' 

+  1,330,  IS 

-205,5'. 

-832,  2f 

-317.3: 

+992,  i; ; 

+5,201.5: 

Special  taxes  paid  by  commercial  carriers  ». 
Operators'  and  chauffeurs'  licenses 

Miscellaneous  fees 

All  state  fees  and  taxes 

County  fees  anil  taxes  (incomplete) 

Municipal  fees  ami  taxes  (incomplete)..  .. 

844,  857, 073 
1,703,455 
II.  157,822 
35,880.000 
92,  377,  998 
IS,  100,424 

827,  495,  669 

-17,361.  It 

Personal-propertv  faxes  (estimated) 

Federal  excise  taxes '                

Public-bridge  and  ferry  tolls  (incomplete) 

244,825,666 

■  152.  117.01  ! 

1,007,  175,772 

+135,  085,  5  < 

1  Includes  private  passenger  ears,  taxicabs  and  other  cars  for  hire,  and  busses. 

■'  Busses  registered  with  trucks  in  ei^ht  States. 
Includes  special  fees  (receipts  taxes,  ton-mile  taxes,  and  passenger-mile  taxes)  pa> 
by  common-carrier  trucks  ami  trailers  and  public-carrier  busses  in  lieu  of  regit  tram 
fees.  Amounts:  In  1032.  $1,172,121  paid  in  California,  Maryland,  South  Carols 
and  West  Virginia;  in  1033.  $1, 033.031  paid  in  California,  .Maryland,  and  Sou 
'  arolina. 

1  Special  taxes  paid  in  lieu  of  registration  fees  deducted.  The  1933  figures  are  incoi 
plete,  as  a  uumbei  ol  stair-  imposing  special  taxes  failed  to  report  them. 

>  Not,  included  in  1032  survey  total. 

"  Includes  item  "other  receipts  under  fax  law",  $1,091,661  in  1932,  and  $1,207,738 
1033.     Tins  item  was  not  included  in  the  I932survej  total. 

;  Includes  Federal  excise  taxes  mi  gasoline,  lubricating  oil,  tires  and  inner  tuhi 
automobiles,  motorcycles  and  trucks,  and  parts  and  accessories.  Deductions  made 
allow  for  nonmotor-vehicle  useof  gasoline  and  ml. 

Drastic  reductions  in  the  rates  of  registration  fees  we* 
made  in  Arkansas,  Georgia,  Kansas,  Minnesota,  Ne- 
braska, and  South  Dakota,  .and  moderate  reductions^ 
a  number  of  other  States. 

There  was  :m  increase  in  the  payments  of  special  fee 
by  commercial  carriers.  This  was  caused  partly  bi; 
increased  revenues  from  existing  taxes  and  partly  bl; 
the  fact  that  the  number  of  States  regulating  and  taxiii! 
for-hire  operations  was  increased,  Maine  and  Nei 
Hampshire  having  enacted  laws  effective  in  1931 
There  were  also  changes  in  existing  laws  and  tax<: 
relative  to  such  operations  in  a  few  States. 

The  collections  of  Federal  excise  taxes  on  mote 
vehicles  were  much  greater  in  1933  than  in  193! 
The  taxes  were  in  effect  only  for  slightly  more  thai 
months  in  1932;  and  the  tax  on  gasoline  was  increase 
from  1  cent  to  \)'i  cents  per  gallon,  effective  June  1' 
1933,  reverting  to  1  cent  on- January  1,  1934. 

It  has  been  pointed  out  that  the  reported  figures  ft 
county  and  municipal  taxes  on  motor  vehicles  in  19£; 
and  for  public-bridge  tolls  are  incomplete,  while  thi 
for  personal-property  taxes  is  an  approximate 
believed  to  be  nearly  correct.  There  is  no  reason  t 
believe  that  there  was  a  decrease  in  these  items  f< 
which  no  data  were  obtained  in  1933.  If  we  assunn 
for  the  purpose  of  comparison  that  they  were  the  san 
in  both  years,  we  find  that  the  payments  of  inoto 
vehicle  taxes  in  1933  exceeded  those  of  1932  by  mo 
than  $135,000,0(10. 
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METHOD  OF  ANALYSIS  DESCRIBED 

The  diverse  character  of  the  reports  submitted  for  the 
48  Slates  and  the  District  of  Columbia  imposed  a 
difficult  problem  of  analysis.  The  object  was  to  reduce 
all  the  reports  to  a  uniform  basis,  in  order  to  obtain 
comparable  figures  for  each  Slate  and  to  assemble  the 
data  in  the  form  of  national  statistics  for  different  types, 
classes,  and  sizes  of  vehicles.  I  n  order  to  do  this  it  w  as 
necessary  to  make  use  of  certain  systematic  approxima- 
tions. The  methods  \i^a\  are  discussed  in  detail  in  the 
complete  report  and  can  only  be  described  briefly  here. 

Uniform  classification  oj  registrations  and  fees.  The 
first  of  these  approximations  was  occasioned  by  the 
necessity  of  tabulating  vehicles  of  different  sizes  accord- 


ing to  a   uniform  scheme.      It   was  decided  that  rated    densed  form  in  table  4. 


In  the  case  of  those  States  which  reported  vehicles 
by  gross,  net,  or  chassis  weight,  it  was  necessary  to 
make  conversions  into  equivalent  rated  capacity 
There  is,  of  course,  a  considerable  range  in  the  net 
weights  of  trucks  of  a  given  capacity,  and  also  in  the 
gross  loads  for  which,  under  a  given  law,  they  may  be 
taxed.  The  effort  was  made.  I>\  a  study  of  existing 
records  and  by  consultation  with  representatives  of  the 
industry,  to  develop  relations  between  weight  and 
capacity  which  would  represent  average  conditions, 
and  would,  therefore,  give  a  reasonably  accurate  dis- 
tribution of  vehicles  by  capacity  in  those  States  which 
reported  a  weighl  classification.  As  an  example,  the 
conversion   table  developed  for  trucks   is  given  in  con- 


REGISTRATION    FEES 
ZZ1    GASOLINE   TAXES 
I  I    SPECIAL  FEES  AND  TAXES 


^ 


CONTRM 
INCLUDING 
51  l  ING 


PUBLIC 
CARRIf  K 


■.■ 


II.' I  .■■Ml   '    , 


SCHOOL 
PRIVATE 
PASSENGER 

CARS  TAX1I 

Comparison   oi     Weragi    Payments  of  State   Fees    vnd  Taxes    in*   L932  bi 

Classi      "i    Service. 


COMMON 


\   I  [HOLE 


/AT  E  LY 

01     l)u  ri; 


hi  \i    Ti 


[>ES     \\1> 


\'ipacil\    rather  than  gross  or  net    weight   should   be  the 

»asis  of  classification.     For  busses  the  following  group- 
ng  by  passenger-seating  capacity  was  adopted: 

7  or  less 

8  to  20 
Over  20 

Trucks,  tractor  trucks  and  trailers  and  semitrailers 
Aeie  arranged  in  the  following  groups  according  to 
•ated  capacity  in  tons: 

I  '   or  less 

( )\  er  1  %  and  less  t  han  3 
3  and  less  than  5 
5 
Over  5 


A  considerable  number  of  the  States  which  reported 
trucks  and  trailers  according  to  rated  capacity  listed 
ihem  by  ton  or  hall-ton  -roup-,  or  otherwise  in  such  a 
manner  thai  both  the  numbers  registered  and  the  lee- 
paid  could  be  assembled  in  the  five  capacity  groups  or 
"brackets"  adopted  as  the  basis  ol  classification. 
Others,  however,  reported  capacity  groups  which  were 
inconsistent  with  the  chosen  scheme.  To  take  care 
of  these  cases  it  was  necessary  to  devise  methods  of 
breaking  down  and  rearranging  both  mini  hers  registered 
and  fees  paid.  The  methods  used  in  grouping  the 
numbers  registered  were  based  on  certain  general 
relations  between  the  number-  of  vehicles  of  each  ton- 
nage, or  of  each  capacity  group,  determined  by  analysis 
of  the  data  for  those  State-  which  reported  trucks  and 
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Table   4. — Approximate   relations   between    manufacturers'   rated 
capacity,  chassis  weight,  net  weight,  and  gross  laden   weight  of 

trucks  ' 


Manufacturers'  rated  capacity 

(tons) 

Net  weight 

( iross 
weight 

Chassis      ;  ( Chassis  anil 
only         |         body 

1 

Pounds 
3,  000 

l.ooo 
6,000 
7,  600 
(1,000 
12,000 
14,000 

Pounds 
4,000 
5,600 

S.  .'OO 

10,000 
11,680 
15,200 

18.  000 

1 'minds 

6,000 



9,600 

3                                                       

11.200 

1                                      

IS,  01)0 

.    

21,680 

29,200 

10                                                                

38,000 

<  'ondensed  from  full  table  given  in  complete  repoi  I 

trailers  by  separate   tonnages  or  by  capacity  groups 
consistent  with  those  adopted. 

In  apportioning  the  fees  paid  it  was  necessary  to 
adopt  a  method  consistent  with  the  scheme  of  rates 
imposed  by  the  Slate.  In  the  case  of  those  Slates 
where  a  flat  fee  was  charged  each  of  the  tonnage  groups 
separately  reported,  it  was  only  necessary  to  make  the 
break-down  of  fees  proportional  to  the  break-down  of 
registrations.  In  the  case  of  those  States  which  im- 
posed registration  fees  directly  proportional  to  the 
weight  of  the  vehicle,  it  was  necessary  to  take  account 
of  this  variation  in  the  breakdown  of  fees. 

In  the  work  of  arranging  vehicles  and  their  fees  in 
uniform  classifications  two  rigid  requirements  were  set: 
(1)  The  resulting  distribution  must  be  entirely  con- 
sistent with  the  original  data;  (2)  the  distribution  must 
also,  within  the  limits  set  by  the  first  requirement,  be  a 
reasonable  or  plausible  one,  conforming  as  closely  as 
possible  to  the  national  trends.  In  most  States  there 
was  surprisingly  little  room  for  guesswork  if  both  these 
requirements  were  to  be  fulfilled. 

Little  difficulty  was  experienced  in  arranging  busses 
by  passenger  capacity;  conversions  from  weight  group- 
ings were  necessary  only  in  a  few  States. 

Estimate  of  motor-fuel  tax  payments. — Any  attempt 
to  investigate  the  payments  of  fees  and  taxes  by  dif- 
ferent classes  and  sizes  of  motor  vehicles  would  be  very 
incomplete  withoul  some  sort  of  estimate  of  the  distribu- 
tion of  gasoline  tax  payments  among  the  several  groups. 
It  was  decided,  therefore,  to  make  certain  assumptions 
regarding  the  annual  mileage  traveled  and  the  rate  of 
fuel  consumption  for  each  type  of  vehicle,  class  of 
service,  and  capacity  group.  The  table  "State  Gaso- 
line Taxes — 1932",  published  by  the  Bureau,  gives  for 
each  Sttite  the  net  tax  earning  and  also  the  total  gal- 
lons raxed.  The  procedure  adopted  was  to  compute, 
for  each  Stare,  the  total  gallons  consumed  by  all 
vehicles  registered  and  tax-paid  in  each  type,  class, 
and  capacity  group,  according  to  the  assumptions 
made  regarding  annual  mileage  and  rate  of  fuel  con- 
sumption. The  total  gallonage  thus  obtained  was  then 
corrected  by  a  factor  to  equal  the  taxed  gallonage 
reported  by  that  State,  and  the  same  factor  was  applied 
to  all  the  individual  items  of  gallonage.  The  collected 
items  were  then  multiplied  by  the  tax  rate  to  estimate 
the  amounts  paid  by  each  type,  class,  and  capacity 
group,  the  summation  of  these  amounts  equaling  the 
total  gasoline-tax  earnings  in  that  State  in  1932. 

The  assumptions  made  regarding  average  annual 
mileage  and  average  rates  of  gasoline  consumption  are 
given  in  table  .">.  It  is  not  to  be  supposed  that  these 
assumed  values  are  arbitrary.  They  were  arrived  at  as 
a  resuh  of  a  study  of  available  data  on  the  subject,  and 
will  be  fully  discussed  in  the  complete  report.  The 
fact    that,    for    each    State,    the    computed    gallonages 


were  adjusted  so  as  to  add  up  to  the  total  taxed  galloi 
age  tends  to  make  the  individual  State  figures  mo: 
nearly  correct  than  the  assumed  average  values. 

Allocation   of  special  fees. — In  every  State  but  on 
payments  of  registration  fees  were  listed  in  the  san 
detail  as  were  the  numbers  of  vehicles  registered.    Sue 
was  not  the  case  with  the  special  fees  paid  by  for-hi 
carriers.     Although  many  of  the  States  listed  such  pa; 
ments  in  detail  by  weight   or  capacity  groups,   the 
were  a  considerable  number  which  reported  only  tota 
for  a  given  group  of  vehicles,  such  as  common-carri 
trucks  or  public-carrier  busses,  and  a  few  which  list* 
their  special  fees  in  even  less  detail.     In  order  to  gi> 
as  complete  a  picture  as  possible  of  the  payments  I 
vehicles  in  each  capacity  group,  it  was  decided  to  all 
cate  payments  of  special  fees  in  all  cases  where  a  reasoi 
able  basis  could  be  found  for  making  such  a  distributio  J 
In  general,  ton-mile  taxes  were  allocated  in  proportk 
to  the  rated  capacities  of  the  vehicles  concerned;  thtJ 
procedure  is  in  line  with  the  assumption  of  the  san 
average  annual  mileage  for  all  trucks  in  a  given  cla 
of  service,    regardless  of  capacity.     Similarly,  passe; 
ger-mile  taxes  were  allocated  in  proportion  to  seatirj 
capacity,  with  the  exception  that  busses  of  seven  pa  i 
sengers  or  less  were  given  a  weighting  of  0.8,  to  alio' 
for  their  assumed  annual  mileage  of  20,000  as  con 
pared  with  25,000  for  busses  of  more  than  7-passeng.i 
capacity. 

A  number  of  States  impose  taxes  on  the  basis  of  mil 
traveled,  the  rate  generally  increasing  with  the  carryin 
capacity.     In   most  of  these  cases  the  amounts  pari 
were  given  in  detail;  where  totals  only  were  given,  til 
allocations  were  made  in  proportion  to  the  numbers 
vehicles  and  the  rates  per  mile. 

Receipts  taxes  were  also  allocated  in  proportion 
carrying  capacity.     The  reason  for  this  procedure 
not  so  plain  as  it  is  in  the  case  of  ton-mile  or  passenge 
mile  taxes.     However,  if  annual  mileage  is  assumed 
be  independent  of  capacity,  then  gross  tonnage  hauld 
may  be  taken  as  proportional  to  capacity;  and,  in  tl 
absence  of  data  to  the  contrary,  gross  receipts  may  : 
turn  be  assumed  proportional  to  gross  tonnage. 

States  which  imposed  privilege  taxes  or  franchl 
fees  on  a  weight  or  capacity  basis  generally  gave  tl 
receipts  from  such  imposts  in  detail.  Miscellanea 
fees  yielding  small  returns,  such  as  fees  for  certifies! 
of  necessity,  permit  fees,  application  fees,  etc.,  we 

Table  5. — Constants  used  in  the  computation  of  estimM 
consumption  of  motor  fuel  by  motor  vehicles  of  different  typ< 
classes  of  service,  and  ratal  capacities 


Type   of   vehicle 

and  rlass  of 

service 

Rated  capacity 

Assumed 
rate  of 

consump- 
tion of 

motor  fuel 

Assumed 

average 

annual 

travel 

Annua 

consum 

tion  pe 

vehicli 

Passengers 

Miles  per 

unit  on 
ll.li 
14.0 
35.5 

14.0 
10.0 
6.  9 
14.0 

8.0 

5.  0 

10.  3 
7.6 

6.  0 
4.9 
4.0 

Miles 

7,000 
25,  000 

7.000 

10,000 

20,  000 

25,000 
25,  000 

|      i  10,000 

dnllon 

1/ 

Busses: 

I 

{8  to  20,  inclusive 

'•( 

(Over  20 

1          I 

1,- 

Commercial.. 

8  to  20,  inclusive 

lover  20 

3, 
5,( 

Tons 

Trucks 

i  >ver  l '  2  and  less  than  3..- 
:i  and  less  than  5 .  . 

1/ 

i 

5 

2,( 

(Over  5 

1           2,- 

i  For  contract,  and  common-carrier  trucks  an  annual  travel  of  15,000  miles  w 
assumed:  for  tractor  (nicks,  20,000  miles. 
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generally    allocated   in    proportion   to   the  numbers  of 

vehicles. 

The  foregoing  discussion  of  the  methods  used  in  ana- 
lyzing and  compiling  the  State  data  brings  out  the  facl 
that  the  original  reports,  as  submitted  by  the  Bureau's 
statistician  in  each  State,  have  been  considerably  mod- 
ified in  order  that  the  material  in  them  might  be  pre- 
sented in  a  conventionalized  form.  All  tabulations 
based  on  these  modifications  must  be  recognized  as 
derived  data.  The  primary  data,  will  be  published  in 
the  complete  report,  and  the  opportunity  will  exist  for 
any  investigator  to  make  use  of  any  portion  of  the 
original  data  and  obtain  Ids  own  results,  with  the  aid 
of  such  additional  material  as  may  be  available.  A 
special  study  of  the  conditions  in  any  given  Stale 
would,  no  doubt,  make  it  possible  to  determine  more 
accurately  the  payments  made  by  vehicles  of  different 
classes  and  sizes  in  that  State.  It  is  believed,  however, 
that  the  material  as  given  presents  a  reasonable  and 
accurate  picture  of  motor-vehicle  taxation  in  the 
United  States  in  1932,  and  that  the  figures  for  the  in- 
dividual States  are  as  near  the  truth  as  could  be  ob- 
tained without  extension  of  the  Bureau's  investigation 
beyond  practicable  limits. 

The  method  of  analysis  described  in  the  preceding 
paragraphs  resulted  in  a  complete  table  for  each  State, 
giving,  so  far  as  the  original  data  permitted,  the 
number  of  registered  vehicles  of  each  type,  class,  and 
capacity  group,  and  the  corresponding  payments  of 
registration  fees,  gasoline  taxes,  and  special  fees  and 
taxes,  according  to  the  systematic  scheme  which  was 
adopted.  From  these  State  tables  national  totals, 
averages,  and  percentages,  such  as  are  given  in  tallies 
1  and  2,  were  computed.  More  detailed  presentation 
of  the  national  figures  is  given  in  the  following  pages,  in 
which  payments  by  the  major  types  and  classes  of 
vehicles  are  taken  up  in  turn. 

It  is  impossible  to  give  the  detailed  figures  for  the 
individual  States  in  this  short  digest.  However,  tables 
13,  14,  15,  and  16  appearing  at  the  end  of  the  section 
dealing  with  State  taxes,  give  for  each  State  the 
essential  data  regarding  registrations  and  payments  of 
registration  fees,  special  fees  and  taxes,  and  miscel- 
laneous fees.  These  tables  give  information  for  each 
type  of  vehicle  and  class  of  service,  but  do  not  give 
a  break-down  by  capacity  groups. 

ITEMS  NOT  CLASSIFIED  OR  ALLOCATED 

The  effort  to  reduce  all  data  reported  by  the  States 
to  a  uniform  classification  was  not  entirely  successful. 
In  a  number  of  States  there  were  items  which  could 
not  by  any  reasonable  approximation  he  made  to  fit 
into  the  general  scheme.  Since  these  items  continually 
appear  in  different  steps  of  the  analysis  it  is  thought 
best  to  discuss  them  at  this  point. 

Vehicle*  not  cl<isxiji((/  hi/  cajKicity.  In  cases  \\  here  the 
bulk  of  vehicles  in  a  given  group  were  classified  by 
weight  or  capacity,  but  a  small  remainder  were  given 
without  classification,  the  practice  was  adopted  of 
[making  an  approximate  distribution  of  the  unclassified 
vehicles,  generally  in  proportion  t<>  those  classified. 

There  were,  however,  some  cases  where  an  entire 
'group  of  vehicles  was  unclassified.  Under  these  cir- 
cumstances there  was  no  reasonable  basis  for  assuming 
a  di:  tribution  by  capacity.  In  order  to  account  for  the 
gasoline  consumed  and  the  gasoline  taxes  paid  by 
vehicles  not  classified,  estimates  were  made  on  tin1 
assumption  that  unclassified  busses  belonged  to  the 
capacity  group,  8  to  20  passengers,  and   that    unclassi- 


fied tractor  trucks  belonged  to  the  capacity  group, 
over  I'-  and  less  than  '■'>  ton--.  In  all  tabulations  In- 
capacity, however,  unclassified  vehicles  are  listed 
separately. 

The  total  number  of  these  unclassified  vehicles  was 
35,608  or  0.14  percent  of  all  vehicles  registered  and 
tax-paid.  The  total  payments  involved,  including  esti- 
mated payments  of  gasoline  taxes,  were  $1,440,896,  or 
0.17  percent  of  all  State  fees  and  taxes. 

For-hire  trucks  not  segregated  jrom  privatt  carriers.  In 
a  few  States  the  numbers  and  registration  fees  of  con- 
tract or  common  carriers,  or  both,  were  tabulated  with 
those  of  private  carriers,  although  the  numbers  of  such 
for-hire  carriers  were  also  listed  separately,  with  their 
payments  of  special  fees.  In  most  cases  it  w  as  possible, 
by  computing  average  fees,  to  approximate  the  pay- 
ments of  registration  fees  by  the  for-hire  carriers,  ami 
tabulate  them  separately  in  the  proper  capacity  groups. 
Exceptions  occurred,  however,  with  respeel  to  297 
contract-carrier  trucks  in  Montana,  (i47  contract- 
carrier  trucks  in  Oklahoma,  and  172  contract-carrier 
and  2, 0'.IS  common-carrier  trucks  in  South  Dakota. 
These  trucks  were  not  classified  by  weight  or  capacity, 
although  the  totals  of  all  trucks  in  these  States  (in 
which  these  for-hire  carriers  were  included)  were  so 
classified.  It  would  have  been  possible  to  assume  a 
capacity  distribution  for  these  vehicles,  but  it  was 
believed  that  such  a  degree  of  approximation  was 
unwarranted.  Without  such  a  distribution  it  was 
impossible  to  segregate  these  trucks  from  the  classified 
lists  of  trucks  in  which  thej  were  included.  The  special 
fees  paid  by  these  "  unsegregated  "  vehicles  included 
$80,701  paid  by  contract  carriers  in  Montana,  Okla- 
homa, and  South  Dakota,  and  $36, ( )71  paid  by  common 
carriers  in  South  Dakota.  The  method  id'  handling 
these  items  in  the  compilation  of  national  totals  and 
averages  is  shown  in  footnote  9  of  table  1. 

A  similar  situation,  even  more  difficult  to  deal  with, 
occurred  in  the  case  of  Tennessee.  In  this  State  it  was 
reported  that  there  were  397  for-hire  carriers  of  prop- 
erty, including  trucks,  tractor  trucks,  trailers,  and 
semitrailers,  under  the  jurisdiction  of  the  Railroad  and 
Public  I'tilities  Commission.  Vvrx  paid  by  these 
vehicles  were  reported  as  follows: 

Registration  fees  $21,  199 

Mileage  tax  17,383 

Inspect  ion  fees.  1 ,  695 

These  vehicles  and  their  payments  of  registration  fees 
and  mileage  taxes  were  included  in  the  tabulations  of 
trucks,  tractor  trucks,  and  trailers  and  semitrailers 
without  regard  to  class  of  service.  The  inspection  Ice 
was  reported  as  applying  to  these  vehicles  only.  How- 
ever, since  they  could  not  be  classified  either  by  type  or 
by  capacity,  there  was  no  way  of  segregating  them  from 
private  carriers.  Their  payments  of  special  fees  arc 
included  with  (he  "undistributed  fees",  which  are  dis- 
cussed in  the  next  section. 

Undistributed  fees.  In  addition  to  the  items  de- 
scribed in  (he  preceding  paragraphs,  fees  were  reported 
in  a  number  of  States  which  could  not  he  allocated  to 
any  given  numbers  or  groups  of  vehicle-  in  i he  conven- 
tional scheme  of  classification.  The  total  amount  of 
money  involved  was  $851,993,  of  which  $11,536  con- 
sisted of  registration  lees  and  $840,451  of  special  fees 
and  taxes  paid  by  commercial  carriers. 

The  nature  of  these  unallocated  items  will  be  made 
clear  by  a  few  illustrations.  In  Kansas  a  ion-mile  tax 
v,  a-  imposed  on  for-hire  carriers  of  persons  and  propei  i  \ 
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and  certain  classes  of  private  carriers.  The  receipts 
from  this  tax  in  1932,  $186,153,  were  reported  in  a  lump 
sum,  and  no  reasonable  basis  could  be  found  for  allo- 
cating tins  sum  among  the  several  classes  of  freight 
and  passenger  carriers.  Similarly,  in  Pennsylvania,  a 
receipts  tax  on  for-hire  carriers  of  persons  and  property, 
yielding  $33,946,  was  not  allocated.  In  Wisconsin 
contract  carriers  of  property  were  not  reported  sep- 
arately from  those  privately  owned  and  operated, 
although  the  former  (and  certain  private  carriers  as 
well)  were  required  to  pay  a  ton-mile  tax  and  certain 
permit  fees.  These  payments,  amounting  to  $246,888, 
could  not  be  assigned  to  any  specific  group  of  vehicles, 
and  were  therefore  carried  as  "undistributed".  In 
this  same  State,  and  in  Ohio  and  low  a,  fees  paid  by  on t - 
of-State  vehicles  could  not  be  allocated  among  vehicles 
of  the  State,  although  they  were  assigned  to  the  proper 
{•lasses  in  the  rial  ional  imais. 

Of  the  $840,457  in  undistributed  special  fees,  a  total 
of  $278,151  was,  in  the  national  totals,  allocated  by  class 
of  service  (bur  not  by  capacity).  The  remainder, 
$562,306,  is  listed  in  table  1  as  '"'undistributed  fees." 
The  footnotes  to  table  l">  give  further  information  on 
these  troublesome  items. 

REGISTRATIONS  AND  PAYMENTS  BY  PASSENGER  CARS  DISCUSSED 

The  total  number  of  passenger  automobiles  reported 
in  the  1932  survey  was  20,836,362.  This  total  includes 
77,222  taxicabs  and  other  for-hire  cars  reported  sep- 
arately from  private  passenger  cars  in  27  States  and  the 
District  of  Columbia.  Twenty  Slates  failed  to  segre- 
gate taxicabs  from  private  cars,  and  one  State,  Cali- 
fornia, included  them  with  light  trucks.  The  figure 
given  for  passenger  cars  in  table  1 — 20,759,140— 
includes  for-hire  cars  in  these  20  States.  It  also  in- 
cludes ambulances  and  hearses  in  a  number  of  States 
which  reported  such  vehicles  separately.  Similarly, 
snowmobiles,  reported  by  a  few  States,  were  included 
with  passenger  cars.  Publicly  owned  vehicles  are  not 
included,  except  in  the  case  of  a  few  States  which  failed, 
wholly  or  in  part,  to  segregate  such  vehicles  from  those 
paving  regular  registration  fees. 

Total  and  average  payments  by  passenger  cars  were 
as  follows: 

Regist  rat  ion  fees: 

Total  payments  $213,  357,  330 

Average  per  vehicle  10.  28 

( lasoline  taxes: 

Total  payments,  .  375,  082,  015 

Average  per  vehicle  IS.  07 

All  fees  and  taxes: 

Total  payments  588,  139,  345 

Average  per  \ chicle  28.  35 

The  registration  fees  imposed  on  passenger  cars 
varied  with  the  size  of  vehicle  in  all  but  three  States, 
California  and  Washington,  in  which  a  fee  of  $3  was 
charged,  and  Arizona,  in  which  the  rate  was  $3.50. 
In  the  District  of  Columbia  a  $1  fee  is  charged  against 
all  gasoline-driven  automobiles.  Weighl  was  the  most 
common  measure  of  size,  30  States  using  it  as  the  basis 
of  lee,  either  alone  or  in  combination  with  other  factors. 
Horsepower  was  used  as  a  basis  in  IS  States  and  value 
mi-  list  price  in  t hree. 

Average  payments  of  registration  fees  ranged  from 
$1  in  the  District  of  Columbia  to  $21.45  in  Vermont. 
Among  the  low  States  were  Washington,  with  $2.94; 
California,  with  $3.02;  Arizona,  with  $3.50;  Massachu- 
setts, with  $3..r>S;  and  Colorado,  with  $4.94.  States 
which  exacted  relatively  high  fees  from  their  passenger 
cars  were  Oregon,  in  which  the  average  payment   was 


$21;  Arkansas,  with  $19;  Connecticut,  with  $17;  am 
Florida,  with  $10.  Clustered  about  the  average  wen 
New  Jersey,  Kansas,  Pennsylvania,  Wyoming,  ant 
North  Dakota,  all  charging  averages  of  $10  and  $11. 

The  method  of  estimating  gasoline-tax  payments  ha 
been  described  (see  p.  190).  Differences  among  tin 
States  in  the  estimated  average  payments  tire  dependen 
on  differences  in  the  gasoline-tax  rates  and  the  averagt 
per-vehicle  consumption  of  gasoline.  The  range  ii 
gasoline-tax  payments,  as  computed,  extended  Iron 
$9.77  in  the  District  of  Columbia  to  $44  in  Florida 
North  Dakota  was  the  lowest  in  gasoline-tax  payment: 
other  than  the  District  of  Columbia,  with  an  averagi 
for  passenger  cars  of  $10.32.  Among  the  high  State 
were  Tennessee,  with  $36;  Georgia,  with  $35;  Arkansas 
with  $32;  and  South  Carolina,  with  $32.  In  Tennessei 
and  Florida  the  rate  is  7  cents  per  gallon;  in  the  other 
mentioned  as  high  States  the  rate  is  6  cents. 

In  total  payments  the  District  of  Columbia,  with  : 
si  registration  fee  and  a  gasoline-tax  rate  of  2  cent 
per  gallon,  is  naturally  the  minimum  with  an  averag 
payment  of  $10.77.  California  comes  next,  with  ski 
The  largest  payments  were  found  in  Florida,  $60 
Arkansas,  $50;  Georgia,  $48;  and  Tennessee,  S47 
New  York,  Connecticut,  Arizona,  and  Texas  wen 
within  $1  of  the  national  average  of  $28.35. 

TAXICAB  PAYMENTS  GENERALLY  HIGHER  THAN   THOSE  FOR 
PRIVATE  PASSENGER  VEHICLES 

Nearly  all  of  the  27  States  which  reported  taxicab 
charged  heavier  registration  fees  against  them  thai 
against  private  passenger  cars.  In  Colorado,  Georgia 
Maryland,  Nevada,  Oregon,  Vermont,  and  the  Distric 
of  ( 'olumbia,  the  rates  were  the  same  as  for  private  cars 
In  till  except  Maryland  and  the  District  of  Columbia 
however,  the  average  payments  by  taxicabs  exceedet 
those  of  private  cars. 

The  total  and  average  fees  paid  by  the  77,222  taxi 
cabs  reported  separately  were  as  follows: 

Registration  fees: 

Total  payments                               .  $1,  368,  148.  00 

Average  per  vehicle 17.  72 

Gasoline  taxes: 

Total  payments  t.  682,  742.  00 

Average  per  vehicle 60.  64 

Special  fees  117,  997.  00 

All  fees  and  taxes: 

Total  payments  6,  168,  887.  00 

Average  per  vehicle 79.  89 

The  average  for  special  fees  is  not  given,  as  the; 
were  imposed  in  only  a  few  .States. 

After  the  District  of  ( 'olumbia,  Colorado  charged  th 
minimum  registration  fees,  with  an  average  of  $5.b 
for  taxicabs,  Maryland  following  with  $7.36.  Th 
maximum  occurred  in  West  Virginia,  in  which  th 
average  payment  was  $50.  In  North  Carolina  it  wa 
$55  and  in  Connecticut,  $40. 

Average  payments  of  all  fees  and  taxes  by  taxicab 
ranged  from  $50  in  the  District  of  Columbia  to  $200  i; 
Florida.  Among  the  low  States  were  North  Dakota 
with   $59,  and  New  Jersey  and   New  York,  with  $70 

Gasoline-tax  payments  by  taxicabs  were  estimate! 
on  the  basis  of  an  average  annual  mileage  of  25,001 
miles.  (See  table  5.)  There  is  no  point  in  discuss 
ing  these  payments,  as  they  are  proportional  to  th 
payments  repotted  for  passenger  cars  in  the  State 
represented. 

Special  fees  and  taxes  paid  by  taxicabs  or  other  car 
for  hire  were  reported  in  >i\  Slates  and  the  District  0 
Columbia,  the  total  payments  amounting  to  $117,997 


October  1934 


PUBLIC    ROADS 


L93 


These  special  taxes  included  n  receipts  tax  in  Arizona, 
mi  occupation  t;i.\  on  U-Drive-It  systems  in  Georgia, 
special-license  taxes  in  Nevada,  Oregon,  and  (lie  Dis- 
trict of  Columbia,  fees  for  certificates  of  convenience 
and  necessity  in  North  Dakota,  and  a  privilege  tax  in 
Tennessee.  Details  of  the  payments  are  given  in  the 
first  two  columns  of  figures  in  table  15.  Taxicabs  also 
participated  in  the  payment  of  the  receipts  tax  in 
Pennsylvania,  previously  mentioned,  bill  their  pay- 
ments could  not  be  segregated  from  (hose  of  other 
vehicles. 

BUSSES  REPORTED  IN  THREE  CLASSES 

In  the  instructions  to  the  statisticians  who  collected 
the  data  on  State  motor-vehicle  taxes,  it  was  requested 
that  busses  be  reported  in  three  classes  1 1  )  school  and 
private  busses,  (2)  sight-seeing  and  other  contract- 
carrier  busses,  and  (3)  public-carrier  busses.  All  of 
the  16  States  which  reported  tax-paid  busses  in  the 
first  class  described  them  as  school  busses.  It  is  to  be 
inferred  that  privately  owned  and  operated  busses  such 
as  those  owned  by  factories,  real-estate  developers,  and 
various  private  institutions,  were  reported  with  other 
regist ra t ion  classifica t ions . 

Nine  States  reported  busses  in  all  three  classes. 
Seven  States  reported  tax-paid  school  busses,  but  did 
not  segregate  sight-seeing  or  contract-carrier  busses 
from  other  classes  of  vehicles.  Ten  States  and  the 
District  of  Columbia  reported  busses  in  the  contract- 
sight-seeing  class,  but  did  not  report  tax-paid  school 
busses.  The  remaining  States  failed  to  report  any 
tax-paid  school  busses  or  to  segregate  sight-seeing  and 
contract-carrier  busses  from  other  registration  classi- 
fications. Commercially  operated  busses,  either  public 
carriers  or  a  combination  of  public  and  contract  car- 
riers, were  reported  in  all  the  States. 

The  numbers  of  busses  reported  in  the  three  classi- 
fications in  the  L932  survey  were  as  follows: 

School  busses (.»,  813 

Contract-carrier  busses,  including  sight-seeing  -i,  314 

Public-carrier  busses-  -  36,325 


Total I!:.  152 

It  should  be  remembered  that  only  tax-paid  school 
busses  are  included  in  the  survey  total.  No  attempt 
was  made'  to  obtain  an  accurate  count  of  publicly 
owned  or  tax-exempt  school  busses.  Approximately 
12, 700  publicly  owned  busses  were  reported  by  the 
States.  It  was  apparent,  however,  that  the  reporting 
of  publicly  owned  and  tax-exempt  vehicles  was  very 
incomplete.  Other  sources  :  indicate  that  the  number 
of  school  busses  in  operation  in  1  932  was  between 
60,000  and  70,000. 

The  number  of  busses  reported  as  engaged  in  com- 
mercial operations  (sight-seeing,  contract,  and  public- 
| carrier)  was  39,639.  In  a  number  ol  States,  including 
Georgia,  Mississippi,  Ohio,  South  Carolina,,  Texas,  and 
possiblj  others,  busses  operating  in  cities  were  not  re- 
ported separately  or  as  public  carriers,  but  were  in- 
cluded in  other  classifications,  particularly  passengei 
cars  and  trucks.  The  figure  given  by  Bus  Transporta- 
tion3 for  commercial  or  "revenue"  busses  was  42,348. 
City  busses  were  given  separately  in  this  tabulation; 
and  in  the  five  States  mentioned  above  1,518  city 
busses  were  reported.  The  agreement  between  the 
two  surveys  appears  sufficiently  close  when  ii  is  re- 
membered   that    the    Bus  Transportation    figures   were 

I    •  Bus  transportation,  February  1933,   McGraw-Hill   Publishinp   Co., 
York  City;  and  Cireulai  No    13  !,  '  iffice  of  Education,  United  - 
the  Interior,  Consolidation  of  Schools  and   Transportation  of  Pupil 
David  T.  Bio 
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obtained  very  largely  from  operating  companies,  while 
those  obtained  in  this  survey  were  taken  from  State 
records,  which  frequently  do  no1  separate  all  vehicles 
operating  as  busses  from  other  classifications. 

BUS  REGISTRATION   RATES  \  VRIED  WIDELY 

[n  the  16  States  which  reported  tax-paid  school  busses, 
they  were  commonly  registered  according  to  weigh!  or 
capacity,  although  in  several  Slates  Mat  fees  were 
charged,  ranging  from  $2  per  vehicle  in  Massachusetts 
to  $75  per  vehicle  in  West  Virginia.  In  general,  sight- 
seeing and  contract-carrier  busses  were  registered  at 
considerably  higher  rates  than  school  busses  and  not 
infrequently  the  fees  corresponded  to  those  paid  by 
public-cai  tier  busses 

In  all  States  (the  District  of  Columbia  excepted)  the 
registration  fees  imposed  on  public-carrier  busses  were 
graduated  to  increase  with  the  size  of  the  vehicle. 
Weight,  either  alone  or  in  combination  with  other 
factors,  was  a  common  basis  of  registration,  9  States 
reporting  a  gross-weight  and  L5  a  net-weighl  basis. 
Sealing  capacity  appeared  as  a  basis  of  registration 
fee  in  27  Stales;  in  10  of  these  capacity  alone  was  the 
basis,  while  in  the  remainder  it  was  used  in  combina- 
tion with  other  factors. 

There  was  great  variety  in  the  rates  of  fees  imposed, 
even  in  those  States  in  which  registration  fees  were 
based  on  the  same  factors.  In  the  seven  Slates  which 
used  gross  weight  as  a.  single  basis  of  taxation,  the 
minimum  rate  reported  was  thai  in  Nevada,  30  cents 
per  100  pounds.  In  Vermont  the  rate  was  $l  per  LOO 
pounds,  and  in  Delaware,  40  cents.  In  New  Hamp- 
shire, Illinois,  Wisconsin,  and  Texas  the  rate  ilsell 
varied  with  the  weight.;  the  highest  rate  reported  wa- 
st per  100  pounds,  charged  in  Texas  against  busses 
having  a  gross  weight  ol  more  than  28,000  pounds. 

[n  the  six  States  basing  registration  fees  on  net  weigh! 
alone,  the  U'c^  varied  from  50  cents  to  $2. 25  per  100 
pounds,  the  lattei  rate  being  charged  in  Ohio  fo-:  thai 
portion  of  the  weight  of  the  vehicle  in  excess  of  111,000 
pounds. 

Where  capacity  was  the  basis  of  registration  fees, 
the  rates  charged  varied  so  widely  for  busse?  ol  differen! 
sizes  that  a  direct  comparison  oi  rates  is  not  feasible. 
An  example  may  be  given,  however.  In  the  Mi  States 
registering  busses  on  the  basis  of  capacity  alone,  30- 
passenger  busses  were  required  to  pay  registration  i 
varying  from  s|S  in  Missouri  to  $180  in   Indiana. 

SPE<  I  \l.  FEES  IMPORTANT  I  A(   I  lilt  IN    I  \\  VI  ION   OF   HI  SSES 

In  addition  to  registration  lees  the  majority  of  States 
imposed  some  form  of  special  tax  on  busses  operated 
for  hire,  particularly  public  carriers.  In  four  States 
the  special  tax  was  imposed  in  lieu  of  regist  ration  fees. 
a  receipts  tax  in  California  and  passenger-mile  taxes  in 
Maryland,  West  Virginia,  and  South  Carolina. 

Mileage,  ton-mile,  and  passenger-milt  taxes.  Taxes 
based  on  the  operations  of   public-carrier   busses  were 

imposed    in     Id    Slates    and    the    Districl    of    Col bia. 

Mileage  taxes  i.e.,  those  in  which  the  charge  i> 
directly  proportional  to  the  mile-  traveled  were  found 
in  Alabama,  Florida,  Georgia,  Kentucky,  Mississippi, 
\Cw  Jersey,  New  Mexico.  Oklahoma,  Tennessee,  and 
the  District  of  Columbia.  In  all  except  New  Jersey 
and  the  Districl  of  Columbia,  the  rale  per  mile  increased 
with  the  seating  capacil  \  .  In  Florida,  for  example,  the 
rate  was  !  cent  per  mile  for  busses  of  lo  passengers  or 
less,    )  cent  per  mile  for  I  1   to  20  passengers,  and   I  cent 
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for  more  than  20  passengers.  In  New  Jersey  the  tax 
was  levied  against  interstate  busses  only. 

Taxes  assessed  at  a  constant  rate  against  operations 
in  terms  of  ton-miles  or  passenger-miles  were  found  in 
10  States.  In  Wyoming,  Colorado,  and  Utah,  the  rates 
were  based  on  the  actual  number  of  passengers  carried 
times  the  actual  miles  each  as  carried.  In  Wyoming 
the  rate  was  Yia  cent  per  passenger-mile;  in  Colorado, 
Ko  cent;  and  in  Utah,  %  cent  on  hard-surfaced  roads  and 
Mo  cent  on  other  roads. 

In  all  other  States  using  this  form  of  tax  the  rate  was 
based  either  on  passenger  capacity  or  on  the  gross 
weight  of  vehicle,  plus  capacity  load,  allowing  150 
pounds  per  passenger.  The  former  basis  was  used  in 
Maryland,  Oregon,  South  Carolina,  and  West  Vir- 
ginia; the  latter  in  Iowa,  Kansas,  and  Wisconsin.  The 
rates  per  passenger  seat-mile  varied  from  as  low  as 
%o  cent  in  South  Carolina  to  ){h  cent  in  West  Virginia. 
The  rate  per  ton-mile  in  Iowa  was  )\  cent ;  in  Kansas, 
y20  cent;  and  in  Wisconsin  }{0  cent. 

Mileage  taxes  were  imposed  on  contract  and  sight- 
seeing busses  in  Florida  and  Oklahoma,  and  in  Utah 
such  vehicles  participated  in  the  payment  of  the  pas- 
senger-mile tax. 

Receipts  taxes.  Ten  States — Arizona,  Arkansas,  Cali- 
fornia, Connecticut,  Idaho,  North  Carolina,  Pennsyl- 
vania, South  Dakota,  Virginia,  and  Washington — im- 
posed fees  in  the  form  of  a  percentage  tax  on  the  reve- 
nues derived  from  the  operations  of  public-carrier 
busses  within  the  State.  The  receipts  tax  was  imposed 
in  addition  to  the  registration  fee  in  all  these  States  ex- 
cept California,  where  the  tax  was  in  lieu  of  registration 
fees,  and  North  Carolina,  where  the  registration  fee  was 
credited  on  the  amount  collectible  in  receipts  taxes. 
The  rates  varied  from  eight-tenths  of  1  percent  in 
Pennsylvania  to  6  percent  in  North  Carolina. 

Other  special  fees. — Special  fees  other  than  receipts 
taxes  and  those  based  on  mileage  were  reported  by  f7 
States  in  the  case  of  public-carrier  busses  and  by  3 
States  and  the  District  of  Columbia  in  the  case  of 
sight-seeing  or  contract-carrier  busses.  Although 
imposed  under  various  names,  such  fees  may  be  roughly 
divided  into  three  classes. 

Most  numerous  were  fees  required  foi  the  issuance  of 
certificates  of  convenience  and  necessity,  or  for  equiva- 
lent permits  to  operate,  which  were  imposed  in  Ala- 
bama, Georgia,  Kentucky,  Minnesota,  New  Mexico, 
North  Dakota,  Oklahoma",  South  Dakota,  Texas,  Wis- 
consin, and  Wyoming.  Certificate  fees  are  usually 
nominal  flat  fees  which  are  paid  when  the  certificate  is 
applied  for,  and  are  not  generally  assessed  annually. 
As  ordinarily  issued,  the  certificate  empowers  a  company 
to  operate  over  a  specified  route  or  routes,  and  the  fee 
is  independent  of  the  number  of  vehicles  to  be  operated 

A  second  class  of  fees  were  those  charged  for  permits 
to  operate,  at  a  flat  rate  per  vehicle.  Such  fees 
were  charged  against  public-carrier  busses  in  Georgia, 
Montana,  and  Wisconsin,  the  rates  being  $25,  $10, 
and  $40,  respectively.  Sight-seeing  busses  in  the 
District  of  Columbia  paid  a  $100  fee. 

A  number  of  States  imposed,  under  various  names, 
special-license  taxes  which  varied  with  the  weight  or 
capacity  of  the  vehicle,  in  much  the  same  manner  as 
registration  fees.  Such  fees  were  imposed  on  public- 
earner  busses  in  Michigan,  Nevada,  Ohio,  Tennessee, 
and  Texas;  and  on  contract  and  sight-seeing  busses  in 
Oklahoma  and  Oregon. 

<  'ity  busses.  In  a  number  of  States  a  distinction  was 
made    between    busses    operated    exclusively    or    cus- 


tomarily in  urban  service  only,  and  those  operating  on 
the  rural  roads.  Thus,  in  New  York,  city  busses, 
termed  "special-franchise"  busses,  paid  registration 
fees  at  a  flat  rate  of  $10  each,  while  interurban  busses 
paid  fees  ranging  from  $30.50  for  those  seating  8  to  10 
passengers,  to  $(57.50  plus  $2  for  each  seat  over  30  for 
those  seating  31  passengers  or  more.  The  receipts  tax 
in  North  Carolina  was  imposed  only  on  interurban 
busses;  in  lieu  of  this  tax  city  busses  were  charged 
heavier  registration  fees  than  the  interurban  busses.  In 
Georgia  city  busses  were  exempted  from  the  payment  of 
certificate  fees,  permit  fees,  and  mileage  taxes  imposed 
on  interurban  public  carriers,  but  were  required  to  pay 
an  occupation  tax.  Similar  exemptions  or  separate 
provisions  for  city  busses  were  found  in  South  Carolina, 
Ohio,  Wisconsin,  Kansas,  Kentucky,  Tennessee,  Mis- 
sissippi, Texas,  New  Mexico,  and  Oregon. 

BUS  PAYMENTS  DISCUSSED 

A  total  of  $211,633  was  paid  in  registration  fees  by 
the  9,813  tax-paid  school  busses.  Estimated  payments 
of  gasoline  taxes  were  $384,393.  Average  payments  of 
registration  fees  ranged  from  a  rate  of  $2  in  Massa- 
chusetts to  an  average  of  $128,  paid  by  school  busses 
carrying  over  20  passengers  in  Oregon.  In  some  States 
publicly  owned  school  busses  were  charged  nominal 
fees,  varying  from  25  cents  to  $1.  In  most  States  the 
fees  were  graduated  according  to  seating  capacity  or 
weight.  Average  payments  by  the  three  capacity 
groups  were  as  follows: 

7  passengers  or  less: 

Registration  fees $10.63 

Gasoline  taxes 22.  14 

All  fees  and  taxes 32.  77 

8  to  20  passengers: 

Registration  fees  24.  85 

Gasoline  taxes 35.  9(5 

j\\\  fees  and  taxes 60.  81 

Over  20  passengers: 

Registration  fees  62.  77 

Gasoline  taxes 48.  77 

All  fees  and  taxes 111.54 

In  table  6  is  given  a  summary,  by  capacity  groups,  of 
the  registrations,  total  payments,  and  average  payments 
of  contract  and  public-carrier  busses.  Associated  with 
each  class  of  fee  is  the  number  of  vehicles  in  each  capac- 
ity group  concerned  in  the  payment  of  such  fees. 
Special  fees  are  divided  into  three  classes,  (1)  mileage, 
ton-mile,  and  passenger-mile  taxes,  (2)  receipts  taxes, 
and  (3)  other  special  fees.  This  latter  class  includes 
franchise,  privilege  or  special  license  taxes,  permit  fees, 
and  fees  for  certificates  of  convenience  and  necessity. 

In  table  6  all  the  averages  are  based  on  the  number  of 
vehicles  involved  in  the  payments  tabulated.  In  cer- 
tain cases,  covered  by  footnotes,  the  total  number  of 
vehicles  involved  is  not  known,  and  the  average  is 
omitted.  It  may  be  observed  that  certain  of  the 
averages  computed  in  this  manner  differ  from  those 
given  in  table  1,  which  are  based  on  all  the  vehicles 
registered  in  a  given  class  or  group.  For  example,  the 
average  payment  of  registration  fees  by  public-carrier 
busses,  based  on  the  total  of  36,325  public-carrier 
busses  registered,  was  $84;  based  on  the  33,246  busses 
which  actually  paid  registration  fees,  the  average  is  $92. 
Average  gasoline-tax  payments  and  the  averages  of  all 
fees  and  taxes  are,  of  course,  the  same  in  all  tables. 

The  payments  by  busses  in  individual  States  are 
given    in     tables     14    and    15.      Average    payments    of 
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Table  6. — Statt  taxes  imposed  on  contract-  and  publ  busses  in  1982;  national  totals  and  <ir. 


Number 
regis- 
tered 

Estimated  payments 
of  motor-fuel  ta  ■■ 

R 

■gistrat  ion  fee 

Registral  ion  fees  am 
fuel  taxes 

motor- 

Mileage, 

on-mile  or  passenger- 
mile  i  , 

Rated  capacity 

Amount 

Average 

pet 
\  ehicle 

Number 

of 
vehicles 

Amount 
collected 

Average 

pei 
vehicle 

Number 
of 

vehicles 

Ann, lint 

Average 

per 
vehicle 

Number 
of 

vehicles 

Amount 
collected 

Average 

per 
■.  ehii  le 

Passt  mi,  ra 
( lontracl .  including  sight-seeing: 

1,862 

177 
!90 

$99. 1 13 
65,626 
111),  136 

137.  58 

215.  IS 

1 ,  862 
177 
190 

$22,077 
is.  193 
13,  197 

$11.86 

us.  77 
SS.  16 

1,862 

477 
490 

$121,190 
84,  119 

163,333 

$65.  09 
176.35 
333.34 

61 
33 

26 

$1,990 

10 

i      IS 

Over  20  .. 

Total  classified 

2,829 
485 

284,875 

in, '.ins 

100.  70 

96.  72 

2,  829 

is;, 

-  :    76: 
73,  628 

29  61 
151  81 

2,  829 
185 

168,642 

120,  536 

130.31 

120 

9,0!  s 

Not  classified  bv  capacity  ' 

Total 

3.314 

331,783 

100.  12 

;    |]  I 

157,395 

17    1!' 

3,314 

489,  178 

147.61 

120 

9,058 

75,  is 

Public  carrier: 

3,630 

7.  176 
24,  873 

190,593 
883,  604 

1.  I'M.  921 

52.  50 
123  13 
170.26 

3,  148 
6,  urn 
22,  958 

93,  7s7 

111,815 

2,  167.  390 

28.  01 

1  1    ; 
107.  47 

3,  630 

7.  176 
24, 873 

284,  380 
1,295,419 

6.702,311 

78.34 

ISO.  52 

269. 16 

1J533 

2,  873 

55,  172 
224,  335 
790,380 

n  65 

8  to  20,  inclusive 

Over  20 

275  1 1 

35,  679 
646 

5, 309, 1 18 
73,  138 

148.80 
113.  22 

32,  706 
540 

,,.•,992 

65,  659 

9,018 

90.  90 
121.59 

35,  679 

646 

s,  282,110 

138,  797 

9,018 

232.  13 
214.86 

6    142 
106 

1,070,  is: 
28,  896 
154,648 

Not  classified  by  capacity  ' 

Undistributed  fees  ■... 

272  60 

Total 

36,  325 

5,  382, 256 

148. 17 

33,  246 

3,047,669 

91.67 

36,  325 

8,429,925 

232.  07 

3  6, 448 

1,253,731 

Rated  capacity 

Receipts  taxe 

Franchise  fees,  certificate  fees, 
and  other  miscellaneous  spe- 
cial fees 

All  special  fees 

All  fees  and  taxe 

Number 
of  ve- 
hicles 

Amount 
collected 

Average 
per  ve- 
hicle 

Number 
of  ve- 
hicles 

Amount 
collected 

Average 
per  ve- 
hicle 

Number 
of  ve- 
hicles 

Amount 
collected 

Average 
per  ve- 
hicle 

Number 
of  ve- 
hicles 

\  i ,  ■  • 
Amount        per  ve- 
hicle 

Passengers 
Contract,  including  sight-seeing: 

192 

21 
51 

780 

5,009 

$13.  15 

32.  50 
98.22 

225 
52 
72 

$4,515 
3,  310 

9,547 

$20.  (17 
63.65 
132.60 

1,862 
477 

490 

$125,705 
87,  429 
172,880 

IS.'i   '"1 

Over  20 

■   - 

267 

8,314 

31.  14 

349 

17,  372 

49.78 

2,829 
485 

186,01  l 
120,536 

136   15 

'is  53 

Total 

267 

8,314 

31.14 

:t'.i 

17,  372 

49.78 

1     . 

506,  550 

152  85 

I  Public  carrier: 

529 
I,  150 

2,727 

$26, 005 
116.031 
596.  853 

$49.  16 
100.  90 
218.87 

665 

1 .  5S4 

2.  1  2  t 

14,479 
47,018 
118,  184 

21.77 
29  68 
55.  64 

2,  876 

3,  646 

7,  156 

95,  956 
387,  384 

1,505,  117 

33.  36 
106.  25 
210.  37 

3,  630 

7,  176, 

24,873 

380,  336 
1,682,803 
8,207,  72s 

10.  270.  S67 
232,  129 
213,845 

104  77 

234  50 

Over  20                                

329  98 

Total  classified  ...  

1.  106 

738.  889 

167  711 

l.  :t::i 
540 

179,681 
64,  736 
50, 179 

11   09 
119.88 

13,678 

646 

1,988,757 

93,  632 
204,  S27 

145.  40 
144.94 

35,  679 
646 

287  so 

Not  classified  bv  capacity  ' 

■ 

Total 

4,406 

738,  889 

16,7.70 

«  4,913 

294,  596 

s  14,324 

2,287,216 

16    125 

16.717,  141            295  03 

i  See  p. 191. 

2  See  pp.  191  and  192. 

3  Does  not  include  unknown  number  of  busses  in  Tennessee  paying  mileage  taxes  of  $72,288,  and  unknow  n  number  of  interstate  busses  paying  mileage  taxes  of  $79,802 
in  New  Jersey.    These  amounts  are  included  in  "Undistributed  fees"  on  preceding  line. 

4  Does  not  include  unknown  number  of  busses  in  Tennessee  paying  pn\  ilege  taxes  of  $8,510 and  inspection  fees  of  $10,263.    These  amounts  are  included  in  "redistributed 
i"  on  preceding  line. 

s  See  footnotes  4  and  5. 


registration  fees  by  public-carrier  busses  varied  from  $1 

Ki  the  District  of  Columbia  and  $11  in  Montana  to 
518  in  Minnesota.  Other  States  in  which  the  pay- 
ments were  high  were  Wisconsin,  with  $492;  Florida, 
with  $255;  and  Idaho,  with  $252. 

Payments  of  special  fees  by  public-carrier  busses, 
not  including  items  in  Pennsylvania,  Kansas,  and  New 
Mexico,  which  were  not  segregated  from  payments 
by  other  carriers,  were  $2,287,216.  Mileage,  ton-mile, 
and  passenger-mile  taxes  were  the  mosl  lucrative,  the 
revenues  from  this  form  of  taxation  totaling  $1,253,731. 
It  is  apparent  that  special  taxes  formed  a  significant 
part  of  the  total  payments  by  busses.  In  a  few  States 
the  payments  were  very  high.  Payments  of  ton-mile 
taxes  by  public-carrier  busses  in  Iowa  averaged  $650 
per  •  ehicle;  the  mileage  tax  in  Florida  yielded  $242  per 
litis;  the  receipts  tax  in  California  (imposed  in  lieu  of 
registration  fees)  produced  an  average  payment  of 
$260. 


In  the  payments  of  till  fees  and  taxes,  including 
registration  Ices,  gasoline  taxes,  and  special  fees,  the 
highest  average  was  found  in  Iowa.  Public-carrier 
busses  in  that  State  paid  an  average  of  $932  per  vehicle. 
This  is  an  average  for  [owa-licensed  vehicles,  payments 
by  out-of-State  vehicles  having  been  eliminated  from 
the  computation.  Other  States  in  which  the  payments 
were  high  were  Wisconsin,  with  $828;  Florida,  with 
$772;  Minnesota,  with  $638;  and  Tennessee,  with  $540. 
Payments  were  relatively  low  in  Montana,  in  which 
the  average  was  $112.  Other  States  with  low  averages 
were  Colorado,  with  $114;  North  Dakota,  with  $155; 
and  the  District  of  Columbia,  with  $175. 

The  averages  given  above  are  for  till  busses  in  the 
States  concerned,  .and  their  magnitudes  are  naturally 
affected  by  the  relative  numbers  of  light  and  heavy 
busses.  That  the  scale  of  payments  increased  rapidly 
with  the  size  of  bus  is  evident  from  an  inspection  of 
table  6.     A   few   examples  will  serve  to  point   the  fact 
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more  clearly.  In  Minnesota  busses  having  capacity  of 
more  than  20  passengers  paid  in  registration  fees  an 
average  of  $564  per  vehicle;  in  Wisconsin  the  average 
was  $543.  Average  payments  of  all  fees  and  taxes  by 
busses  in  this  class  in  Minnesota  were  $692;  in  Florida, 
$861;  in   Wisconsin,  $901;  in    Iowa,  $1,212. 

COMPARISON    OK   FEES    REQUIRED   FOR    TYPICAL   PUBLIC-CARRIER 
BUS  OPERATION 

In  order  to  show  the  extremes  of  variation  in  tax 
payments  required  of  public-carrier  busses  under  com- 
parable operating  conditions,  an  example  has  been 
computed  to  show  the  State  fees  and  taxes  which  would 
have  been  paid  in  1932  by  a  30-passenger  bus  operating 
25,000  miles.  The  States  selected  for  comparison 
were  Rhode  Island,  New  York,  Florida,  Michigan,  and 
Oregon. 

The  net  weight  of  the  30-passenger  bus  is  taken  as 
10,700  pounds,  and  the  gross  weight,  at  150  pounds  per 
passenger,  is  15,200  pounds.  At  an  assumed  rate  of 
5  miles  per  gallon  of  gasoline,  the  bus  would  consume 
5,000  gallons  per  year.  The  rates  of  fees  required  in 
the  .">  States  are  given  in  the  following  paragraphs. 

Rhode  Island:  A  registration  fee  of  $46  plus  $2  per  passenger 
scat  ami  a  gasoline  lax  of  2  cents  per  gallon. 

New  York:  A  registration  fee  of  $07.50  and  a  gasoline  tax  of 
2  cents  from  January  1  to  February  29  and  3  cents  beginning 
March  I ,  t  he  average  payment  for  the  year  being  approximate!} 
2.86  cents  per  gallon. 

Florida:  A  registration  fee  of  $2  per  lot)  pounds  net  weighl 
plus  $20  pec  passenger  seat,  a  gasoline  tax  of  7  cents  per-  gallon, 
and  a  car-mile  tax  of  1  cent  per  mil'' 

Michigan:  A  registration  fee  of  $1.25  per  100  pounds  net 
weight,,  a  gasoline  tax  of  3  cents  per  gallon,  and  a,  public  utility 
permit  fee  of  x]  per  100  pounds  net  weight. 

Oregon:  A  registration  fee  of  $1.10  per  100  pounds  net  weight, 
a  gasoline  tax  of  4  cents  per  gallon,  and  a  passenger-mile  tax  of 
0  5  mill  per  capacity  seat-mile. 

In  the  case  of  Florida,  in  which  the  required  pay- 
ments were  the  highest,  the  items  making  up  the  total 
ace  as  follows: 

Registration  fee .  $814 

Gasoline  tax 350 

(  '.-n  -null'  tax  250 

Total  1,414 

The  total  payments  which  would  be  required  in  the 
live  States  chosen  for  comparison,  arranged  in  descend- 
ing order  of  magnitude,  are  given  below: 

Florida  ___   $1,  414.  00 

Oregon     .  692.  70 

Michigan. .  390.  75 

New    York 210.  .-,() 

Rhode  Island 206.  00 

PAYMENTS  BY  TRUCKS  AND  OTHER  FREIGHT  VEHICLES  ANALYZED 

In  the  instructions  to  statisticians  it  was  requested 
i  hat  freight  vehicles  be  reported  in  three  groups,  trucks, 
tractor  trucks,  and  trailers  and  semitrailers.  Only  23 
States,  however,  reported  tractor  trucks  separately 
from  trucks,  and  in  several  of  these  there  was  evidence 
that  the  figures  were  incomplete.  In  general,  tractor 
trucks  are  registered  and  taxed  on  much  the  same  basis 
as  trucks,  and  no  separate  data  regarding  them  are 
given  in  this  digest.  Trailers  and  semitrailers  were 
reported  by  all  States  except  two — Kentucky  and 
Oklahoma.  In  Kentucky  full  trailers  are  prohibited 
and  tractor-semitrailer  units  are  registered  as  trucks. 
In  Oklahoma  there  was  no  registration  of  trailers  in 
1932. 


In  every  State  (the  District  of  Columbia  excepted) 
the  registration  fees  of  trucks  were  graduated  so  as  to 
increase  with  the  size  of  vehicle.  In  contrast  to  passen- 
ger cars  and  busses,  for  which  weight  was  the  most 
common  basis  of  registration  fee,  trucks  were  registered 
according  to  carrying  capacity  in  the  majority  of  the 
States  in  1932.  ( lapacity,  alone  or  in  combination  with 
a  flat  fee,  weight,  or  horsepower,  appears  in  26  States 
as  the  basis  of  registration  fee  for  privately  owned  and 
operated  trucks.  Twenty-two  States  registered  trucks 
according  to  weight,  the  basis  being  gross  weight  in 
11  States,  net  weight  in  8  States,  and  chassis  weight  in 
Pennsylvania,  South  Dakota,  and  Idaho.  A  flat  fee 
in  combination  with  weight  or  capacity  appeared  as  the 
basis  in  0  States.  Maryland  was  the  only  State  which 
imposed  fees  according  to  horsepower  alone;  but  horse- 
power in  combination  with  capacity  was  reported  in 
Tennessee  and  Louisiana.  Minnesota  alone  used  value 
as  a    basis. 

Registration  fees  for  private  trucks  were  modified 
according  to  age  or  the  number  of  previous  registrations 
in  5  States,  although  in  Mississippi  reduction  of  tee  for 
age  was  applied  only  to  trucks  of  less  than  2}{  tons 
capacity,  and  was  effective  only  after  July  1,  1932. 

Space  does  not  permit  a  tabulation  or  full  discussion 
of  the  registration  fees  imposed  on  trucks.  For  present 
purposes  a  comparison  of  the  rates  in  a  few  States  in 
different  parts  of  the  country  will  serve  to  illustrate  the 
variety  and  range  in  the  registration  fees  charged 
against  trucks  in  1932.  In  all  cases  the  rates  given  are 
for  4-wheel,  pneumatic-tired   trucks. 

Capacity  States. — In  Connecticut  the  rates  varied 
from  $15  for  a  '-ton  truck  to  $217.50  for  a  O^-ton 
truck,  with  $75  additional  for  each  ton  or  fraction 
t  hereof  o\  or  ti' ■.  tons.  In  Georgia,  the  fees  ranged  from 
$15  for  1  ton  or  less  to  $1,125  for  7  tons  or  over.  In 
Missouri  trucks  of  less  than  2  tons  capacity  paid  $10.50; 
those  of  7  and  less  than  S  tons  capacity  paid  $36,  and 
$15  was  paid  for  each  ton  in  excess  of  8.  In  Oklahoma 
$15  was  paid  by  trucks  having  a  capacity  of  three- 
fourths  of  a  ton  or  less,  and  $300  by  all  of  over  4  tons. 
In  Utah  the  rates  varied  from  $5  for  a  '.-ton  truck  to 
$100  for  a  5-ton  truck,  with  $50  additional  for  each  ton 
over  5. 

Gross-weight  States. — In  Massachusetts  the  ice 
charged  was  15  cents  per  100  pounds  weight  of  the 
vehicle  and  its  maximum  carrying  capacity,  with  a 
minimum  fee  of  $6.  In  North  Carolina,  the  rates, 
although  based  on  gross  weight,  varied  with  the  rated 
capacity.  For  trucks  of  2  tons  capacity  or  less  the 
rate  was  55  cents  per  100  pounds,  gross  weight:  for 
2  tons  to  3  tons  the  rate  was  70  cents  per  100  pounds: 
for  more  than  :!  Ions,  the  rate  was  $1  per  100  pounds. 
The  minimum  fee  was  $15.  In  Illinois  the  rates  varied 
from  $10  for  trucks  having  a  gross  weight  of  3,000 
pounds  or  less  to  $150  for  gross  weights  between  20,000 
and  24,000  pounds.  In  Texas  a  rate  of  40  cents  per 
100  pounds  was  charged  for  gross  weights  of  6,000 
pounds  or  less.  The  rati1  increased  with  the  weight 
until  it  reached  $4  per  100  pounds  for  weights  over 
20,000  pounds. 

Net-weight  States.— In  New  York  a.  flat  rate  of  $12 
u  as  charged  for  t  rucks  weighing  less  than  1 ,800  pounds. 
For  other  trucks  a  rate  of  80  cents  per  100  pounds  net 
weight  was  charged.  In  Florida  trucks  weighing  4,000 
pounds  or  less  paid  75  cents  per  100  pounds;  trucks 
weighing  over  4,000  pounds  paid  $2  per  100  pounds. 
In   Michigan    the   rate    varied    from   65  cents   per   100 
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pounds  for  trucks  weighing  2,500  pounds  or  less  to 
$1.25  per  100  pounds  for  those  weighing  over  6,000 
pounds  In  California  there  was  a  flat  fee  of  $3,  to 
which  wore  added  fees  ranging  up  to  $50  for  the 
hoariest  weights  permitted  for  4-whee]  trucks.  Those 
weighing  less  than  3,000  pounds  paid  only  the  l!at   fee. 

NATIONAL  FIGURES  FOR  TRUCKS  FOR  1932  SHOWN 

National  totals,  averages,  and  percentages  for  trucks 
and  tractor  trucks,  and  for  trailers  and  semitrailers,  are 
given  in  table  7.  The  tabulation  includes,  for  each 
capacity  group,  the  number  registered  and  tax  paid  and 
total  and  average  payments  of  gasoline  taxes,  registra- 
tion fees,  special  fees  (without  averages),  and  all  fees 
and  taxes.  The  percentage  distribution  of  numbers 
registered  and  fees  paid  among  the  several  capacity 
groups  is  also  given. 

The  total  number  of  freight-carrying  vehicles  regis- 
tered in  1932  was  3,644,591,  or  14.80  percent  of  all 
vehicles  registered  and  tax-paid  in  that  year.  The 
total  of  all  State  fees  and  taxes  paid  by  these  vehicles 
was  $203,866,943,  or  25.12  percent  of  all  payments 
charged  directly  against  motor  vehicles  in  1932, 

Of  all  trucks  and  tractor  trucks  registered  in  1932, 
83.05  percent  were  light-weight  vehicles,  having  rated 
capacities  of  1'2  tons  or  less.  The  percentage  decreases 
steadily  with  the  size  of  vehicle,  except  for  the  last 
bracket  group,  which  contains  all  trucks  of  more  than 
5  tons  capacity. 

In  the  payments  of  lees  and  taxes  the  percentages 
were  much  different.  Five-ton  trucks  and  tractor 
trucks,  which  constituted  only  0.88  percent  of  those 
registered,  accounted  for  1.54  percent  of  the  gasoline 
taxes  and  3.91  percent  of  the  registration  fees  paid  in 
1932  by  all  trucks  and  tractor  trucks.4  Those  of  more 
than  5  tons  capacity-,  which  included  only  1.37  percent 
of  the  vehicles,  contributed  4.41  percent  of  all  State 
fees  and  taxes  paid  by  trucks. 

This  variation  of  fee  payments  with  capacity  is 
shown  more  clearly  by  the  averages  given  in  table  7. 
Average  registration  fees  varied  from  8 Hi  in  the  lowest 
capacity  group  to  $114  paid  by  those  of  more  than  .", 
tons  capacity;  and  average  gasoline-tax  payments 
ranged  from  $36  to  $81. 

Similar  relations  are  shown  in  the  trailer  payments. 
The  fees  imposed  on  trailers  are,  in  the  majority  of 
States,  considerably  less  than  those  imposed  on  truck-. 
This  is  particularly  true  in  the  case  of  very  light  trailers, 
as  is  shown  by  the  fact  that  those  having  capacities  of 
l'i>  tons  or  less  paid  average  registration  lees  of  only 
$3.34.  However,  there  is  a  sharp  rise  in  average  pay- 
ments with  capacity,  until  we  find  those  ol  more  than 
5  tons  capacity  charged  with  average  registration  fees 
of  $71,  and  total  payments  of  $92. 

The  excess  registration  fees  of  $500,807,  paid  1>\ 
contract  and  common  carriers,  and  the  special  Ices  of 
$2,585,161,  which  were  also,  U>\-  the  mosl  part,  the 
contribution  of  for-hire  carriers,  play  no  great  part  in 
the  total  payments  by  trucks  and  trailers.  They  arc 
included  in  table  7  to  complete  the  record,  and  are 
taken  up  in  detail  in  the  section  dealing  with  contract 
and  common  carriers. 

DISTRIBUTION  OF  TRUCKS  BY  CAPACITY  GROl  IPS 

in  table  8  all  trucks  and  tractor  trucks  and  trailers 
ami  semitrailers  registered  in  each  State  in  1932  are 
listed  by  capacity  groups.     While  tins  table  is  useful 

'  Unless  otharwise  specified  the  word  "trucks",  when  used  subseque 
discussion,  refers  to  trucks  and  tractor  trucks. 
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OV t  B    I  j  AN  ' 

PRIVATE 

PASSENGER  :  '''''  IIY  m  T0NS 

cars  trucks  and  tractor  trucks 

Comparison  of  Average  Payments  of  State  Fees  and 
Taxes  in  1932  by  Private  Passenger  Cars  and  in  Trucks 
and  Tractor  Trucks  of  Different  Rated  Capacities. 

chiefly  for  reference  purposes,  certain  significant 
facts  may  he  gleaned  from  it.  Of  particular  interest 
is  the  distribution  of  trucks  by  capacity  in  different 
States  and  in  the  several  regional  groups.  In  those 
States  which  are  predominantly  rural  the  percentage 
of  light  trucks  was  very  high,  and  there  were  relatively 
few  having  capacities  of  3  tons  or  more.  In  seven 
States,  Vermont,  South  Carolina,  North  Dakota. 
South  Dakota,  Tennessee,  Montana,  and  Wyoming, 
none  had  a  capacity  of  more  than  .">  tons.  Five-ton 
trucks  were  found  in  all  States,  hut  the  number  was  •_'() 
or  less  in  South  Carolina,  Georgia,  North  Dakota, 
South  Dakota,  Alabama,  Arkansas,  Wyoming,  and 
New  Mexico. 

COMPARISONS    RELATING    TO   IMF   NUMBERS   OF    HEAVY    TRUCKS 

AND  THE  FEES  IMPOSED 

In  the  complete  report  considerable  space  is  devoted 
to  a  discussion  of  the  relative  numbers  and  percentages 
of  hea\\  trucks  registered  in  different  States,  and  to 
consideration  of  the  question  whether  or  not  the 
imposition  of  high  registration  ivvs  upon  such  vehicles, 
particularly  when  accompanied  by  high  gasoline  tax 
rates,  tends  to  discourage  the  registration  of  such 
vehicles  and,  in  consequence,  to  reduce  the  revenues 
derived  from  them.  It  is  not  possible,  in  this  short 
digest,  to  reproduce  this  discussion,  hut  we  may  set 
down  the  main  points  established,  with  sufficient  illus- 
trative material  to  indicate   the    trend    of   the   anal}    i 

1.  As  would  he  expected,  the  dominant  factor  deter- 
mining the  relative  numbers  or  percentages  of  heavj 
trucks  registered  in  differenl  State-  i-.  the  comparative 
industrial  and  commercial  development  of  the  States 
concerned.  The  highly  developed  Slates  of  the  East, 
the  Middle  West,  and  the  Pacific  coast  have  many 
heavy  trucks.  Relatively  lew  are  found  in  the  North- 
western and  Mountain  States  and  in  most  of  the  States 
of  t  he  Sunt  h,  although  in  a  few  of  t  he  sparsely  populated 
States,  such  as  Nevada,  the  percentage  of  heavy  trucks 
i-  high. 
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Table   7. — State  taxes  imposed  on  freight  vehicles  in  1932:  national  totals,  averages,  and  percentages 


Percentage 

distribu- 
tion 

Estimated  payments  of  motor-fuel 
taxes 

Regular  registration  fees  ' 

Rated  capacity 

registered 

Amount 

A  verage 
per  vehicle 

Percentage 
distribu- 

1  hill 

Amount 
collected 

A  verage 
per  vehicle 

Percentage 
distribu- 
tion 

Tons 
Trucks  and  tractor  trucks: 

2,681,985 

34 1 .  285 

128,938 

28,  5 1 1 

14,056 

83.05 
Hi  57 
3.  99 

.88 
1.37 

$96, 990, 409 
15,812,494 
7,721,581 
1 ,  943,  828 
3,  573,  972 

$36.  16 
46.  33 

59.89 
68.10 
81.  12 

76.64 
12.  49 
6.  10 
1.54 
2.  82 

$41,353,370 
12,  953,  474 
8.  601,  940 
2,771.781 
5,013,807 

$15.  42 
37.  96 

66.71 
97.11 
113.81 

58.43 
18.30 

12.15 

;, 

3.92 

7.09 

I 

Total  classified  ...     -                                           . 

:-;.  224, 80s 
4,  507 

99.  86 

.  14 

126,042,28' 

39.09 
115.24 

99  59 

.41 

70,  694.  372 
77.  657 
2,518 

21   92 
17.23 

99.89 

519,385 

.  11 
.00 

Total 

.;.  229,  31 

100. 01 

126,561,669 

39.19 

100.  00 

70,  774, 547 

21.92 

100.  00 

Trailers  and  semitrailers: 

326,  183 

2.\  705 

23,781 

ii.  372 

s.  714 

1,083,073 
344,  698 

837,210 

3.32 
13.  41 

35.20 
57.23 
70.  06 

31.  44 

6,  111 
5.  73 
[   53 
2.  10 

10.01 

24.30 

364,  700 

10.59 

..... 
( >ver  5 

610,  539 

17.72 

390,  755 
24,521 

til  10 
5.  90 

3,  240,  220 

204,  539 

8.29 
8.34 

94.06 

5.94 

Total 

115,276 

mo  mi 

3,  444,  759 

8.30 

100.  00 

3,  644,  591 

126.561,069 

39.19 

74,  219,  306 

20.36 

Excess 

registra 
t  ion  fees 

Total  registration  fees  > 

Special  fees 
and  taxes  ! 

All  fees  and  taxes 

Rated  capacity 

Amount 
collected 

Average 
per  vehicle 

Percentage 

distribu- 
tion 

Amount 

Average 
per  vehicle 

Percentage 
distribu- 
tion 

Tons 
Trucks  and  tractor  trucks: 

$246,581 

86,861 

79,  873 

13,371 

3,  535 

$41,599,951 
13,040,335 

8,681,813 
2.  785,  152 
5,017.342 

$15.51 
38.21 
67.  33 
97.  57 

113.89 

58.  42 
is.  32 
12  19 
3.91 
7.05 

$457,  634 
471,473 
410,  432 

SO.  1<I4 

202.220 

$139,047,994 

29,  324.  302 
16,813,826 

t,  S09,  474 
8,  793,  534 

$51.85 
85.  92 
130.  40 
1  lis.  49 
199.  60 

69.68 

Over  VA  and  less  than  3 ....   . 

14.69 

S.  43 

5                               .    .   

2.41 

4.41 

430,  221 

71,  124,  593 
77,657 
2,  5 1 8 

22  oi, 
17.23 

99.89 
.11 

1,  622,  253 

3, 046 

165,568 

198,  789,  130 
600, OSS 
168,086 

61.64 
133.  15 

99.62 

Not  classified  by  capacity  :          ...  ...  .  .  .     . 

.30 

.08 

Total ...                                        .        

430,221 

71.21)1.  Ti.s 

22.  05 

ion  on 

1,790,867 

I'.l'.l    ',57.3(11 

61.80 

100.00 

Trailers  and  semitrailers 

6,621 
17,333 
29,  774 
12,613 

1,  245 

1,089,694 
362,031 
866,984 
377,313 

614,  784 

3.  34 
14.08 

36.  46 
59.  21 
70.  55 

31  00 
10.30 
24,  66 
10.73 
17.49 

27.  47S 
39,  776 

125,  02S 
114,401 

189,954 

1.  117,  172 
401,807 
992,012 
141,714 
804,  738 

3.  42 
15.  63 
41.71 
69.  32 
92.35 

28.14 

10.12 

24.99 

5                                     

11.12 

20.27 

70,  586 

3.  3ln.  Mir. 
204,539 

8.47 
8.34 

:n  is 

5.  82 

4  46,  637 

3,  757,  443 

204,  539 

8,  377 

9.62 
8.34 

94.64 

\ot  classified  hv  capacity 

5,  15 

8,  37- 

.21 

Total  .-- - - 

70,  586 

3,  515,  345 

8.46 

mo  on 

455,014 

3,  970,  359 

9.56 

100.00 

Undistributed  freight-carrier  fees  5 _ 

339,  280 
2.585.  161 

339,  280 
203,866,943 

All  freight  vehicles.     ..  ..     ...   .  

500,  807 

74.720.  113 

20.50 

55.94 

1  In  a  number  of  States  contract,  and  common  carriers  of  property  were  required  to  pay  higher  registration  lees  than  private  carriers.  "  Regular  registration  fees"  include 
actual  payments  of  private  earners  and  the  estimated  payments  of  contract  and  common  carriers  based  on  the  private  carrier  rates.  "Excess  registration  fees"  include  all 
payments  of  contract  and  common  carriers  in  excess  of  the  estimated  payments  at  the  private  carrier  rates.  "Total  registration  fees"  are  total  actual  payments  by  all  classes 
of  carriers. 

2  Includes  all  special  fees  and  taxes,  paid  principally  by  contract  and  common  carriers,  such  as  mileage  taxes,  receipts  taxes,  franchise  fees,  privilege  taxes,  and  other 
miscellaneous  special  fees.     Excess  registration  fees  are  not.  included. 

>  All  unclassified  were  tractor  trucks.     The  payments  by  these  vehicles  could  not  logically  be  distributed  among  the  several  capacity  groups. 

•  The  term  "Other  undistributed  fees"  refers  to  payments  which  could  not  properly  be  assigned  to  a  specific  number  of  vehicles  and  therefore  could  not  be  distribute! 
among  the  several  capacity  groups.  Also  included  are  payments  of  special  fees  by  contract-carrier  trucks  in  .Montana,  Oklahoma,  and  South  Dakota,  $80,701;  and  special 
fees  of  common-carrier  trucks  in  South  Dakota,  $36,971.  The  numbers  of  these  trucks  were  given,  but  their  registration  fees  were  not  segregated  from  those  of  private  carriers, 
and  they  were  not  classified  bj  weight  or  capacity. 

s  Special  fees  applicable  to  both  trucks  and  trailers,  which  could  not  be  allocated  by  reasonable  methods  of  approximation. 


2.  Limitations  imposed  on  gross  loads  undoubtedly 
have  an  effect  on  the  registration  of  heavy  trucks,  par- 
ticularly those  of  more  than  5  tons  capacity.  However, 
in  a  number  of  the  States  reporting  few  heavy  1  rucks, 
including  Alabama,  Georgia,  Kansas,  Montana,  North 
Dakota,  Virginia,  and  Wyoming,  the  load  restrictions 
were  liberal,  particularly  with  respect  to  six-wheel 
l  rucks. 

3.  In  certain  populous  States  registration  fees  of  con- 
siderable magnitude  have  not  apparently  discouraged 


the  registration  of  heavy  trucks.  Thus,  in  Iowa,  where 
registration  fees  of  $250  were  required  for  5-ton  trucks, 
and  $350  for  7-ton  trucks,  the  total  collections  from 
trucks  and  tractor  trucks  of  5  tons  capacity  or  more 
were  $46,634.  In  Wisconsin,  where  the  fees  for  these 
two  classes  5  were  $210  and  $310,  respectively,  the  col- 
lections were  $224,551.  These  rates,  however,  are  low 
compared  to  those  in  effect  in  certain  other  States. 

i  ee    computed  on  basis  of  conversion  between  gross  weight  and  capacity:  see 
table  4. 
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Table  8. — State  totals  of  freight  vehicles  registered  ami  regular  feet  paid  in  193   .  grouped  according  to  rated  capacity 


Division  and  State 

Trucks  and  tractor  trucks 

Trailers  and  semitrailei ; 

Rated  capacity 

n  tons 

Kateil  c 

ipacity  in  Inns 

i1    and 
less 

Over  Hi 

and  less 
than  3 

3  and 

less  than 

5 
2,  189 

Over  5 
3, 726 

Not  classi- 
fied by 
capacity  ' 

M7 

Total 

l1  2  and 
less 

Over  l'v 

and  less 
than  3 

3  and 

less 

than 

5 

5 

1  >\cr  7, 

Nol  1 
(led  bj 
capacity 

Total 

191,983 

22, 150 

13, 470 

234,653 

7,000 

247 

252 

SI 

65 1 

139 

8,370 

31,  .  19 
14.025 
6,780 
81,751 
L5,  124 
42,  484 

2,870 
1.  098 
906 
10,966 
1,086 
I  633 

1,  130 

1.445 

548 

6,  534 

1,089 

2,  133 

195 

2113 
75 
907 
166 
043 

143 

7 

ii, 

36,203 

17,378 
s,  3119 
102,959 
18,410 
51,388 

3,997 

1,153 

173 

248 

18 

1,111 

130 

1,  136 

New  Hampshire 

Is 

3 

136 

11 

10 

li 

3 
162 

13 

34 

1 

1,286 

470 

Massachusetts 

Rhode  Island 

2.1130 
651 
895 

771 

Is 
1 
1 

102 

1,  117 

68 

1,20(1 

m 

504, 495 

137.001 

41,034 

15,363 

28, 134 

102 

727. IS2 

11,713 

5,329 

2,  752 

1 ,  23S 

2,842 

3,  03.S 

26,912 

216,555 
89,916 

144,554 

6,884 

34,  743 

11,843 

04, 504 
18,781 
15,  053 
888 
3.712 
:-;.  196 

14,  113 
10,083 

12,  515 

525 

2.215 

2,  153 

6,867 
1,616 

5,  773 
188 
620 

200 

11,366 

8.  208 

7,713 

1S1 

207 

129 

313.70.', 

I2.S,  004 

216,334 

s,  666 

11,527 

18,286 

1,298 

1,078 

170 

2,  683 

13.  788 

::  038 

3,  (I3S 

Pennsylvania 

96 

1,549 

555 
710 
331 

862 
50 
99 

20 

[,305 

28 

243 
98 

826 

10 

215 

17 

13 
31 
35 

SO 

7, .">.">.', 
071 

Maryland 

District  of  Columbia- 

1.311 

66 

ll 

221,538 

13,818 

0, 202 

540 

'il 

245, 249 

17,847 

2,082 

1,697 

301 

92 

3,750 

25, 769 

58,  379 
29.  530 
13,242 
18,  34 1 
39.  665 
35,  375 

2.982 

1 ,  538 

1.  175 
1,024 
1,934 

2,  165 

904 
1,640 
2,  599 

354 
430 

335 

73 
189 

2117 

3 

20 

48 

6 

13 
30 

02.  344 
32.910 
,',11,202 
10,722 
12,050 
37,  055 

1,800 
1,391 
6,  692 

.si  is) 

147 

7, 008 

177, 
221 
837 
541 
65 
243 

102 
23 
611 

ls:t 

18 

230 

112 

6 

86 

45 
11 
41 

1 
2(1 
39 
32 

1,390 

West  Virginia 

North  Carolina 

South  Carolina 

1,661 

8,  265 

1,910 

1 
32 

3,750 

1,021 

7.  522 

East  North  Central 

Ohio 

591,016 

71,247 

24,606  |     5,120 

4,810 

1,852 

i.')s.i,:,l 

111.  v.).-, 

4,749 

7,014 

1, 445 

1,972 

157,075 

137.  sso 
113,370 
145,083 
96,  169 
98,  514 

211,315 
4.  850 
18.  577 
21,743 

5, 7.;.' 

7,040 
1,766 
8,845 
3,  321 

2.734 

501 
117 
3,482 
638 
382 

826 

04 

1,  833 

1,  402 

685 

167,  192 
122, 019 
177,820 
123,273 
108,  047 

40,810 

21,435 

7,  552 

71,001 

131 

1,  268 
913 
811 

1,398 
359 

2.0(13 
702 
227 

3,010 
376 

335 
142 
41 
789 
138 

570 
261 

272 
374 
480 

15,  598 

1 ,  852 

8  903 

77.  53s 

1 ,  403 

West  North  Central 

408,507 

24,361 

9,161 

804 

168 

443, 001 

40, 468 

1,504 

1, 557 

1,017 

697 

13, 478 

58,811 

95,  877 
03,511 
88,668 
22,  957 
18,  581 
19,636 
69,  277 

3,871 

9,  024 

0.315 

471 

789 

1,983 

1.908 

1,570 

2,  162 

3,911 

156 

108 
030 
504 

282 
99 

3  43 
6 

4 

12 
28 

50 
86 

28 

101,650 
74,882 
99,  265 

23,  500 
19.  542 
52.  294 
71,778 

20,298 

2,  300 

7,047 

10 

8,800 

409 
145 
601 

3 

Hi 

390 

440 

205 

648 

14 

5 

210 
04 
694 

2 
1 

172 
01 

lis 
1 

21,529 

2,874 

10,008 

North  Dakota 

South  Dakota. 

39 

s.  852 

:: 
1 

13,  178 

13.  178 

I   .;.;.. 

215 

16 

15 

East  South  Central 

Kentucky  2 

112,139 

l,0t(i 

2.  130 

162 

19 

398 

119,794 

4,497 

584 

590 

Hill 

21 

1,056 

9,848 

28,  845 

29,  152 

30,  228 
23,91  l 

1,951 

1,322 

1,052 

615 

753 
500 

277 
600 

58 
72 

25 

8 

1 
10 

31,621 

31.434 
31,575 
25,  104 

388 
10 

2,258 

138 

191 

86 

21 

4,056 

2,  239 

146 

99 

I  i 

2,  198 

West  South  Central        .. 

250,558 

29.  120 

9,856 

l'.  177 

307 

1    17H 

301, 188 

32,841 

5, 952 

5,816 

812 

174 

22,  068 
37,791 

38,  628 
101,071 

775 
2. 159 
4,  321 
21,865 

143 

628 

1,576 

7,509 

2 

72 
320 
777 

1 
33 
33 

240 

22,  989 
41,853 
44, 884 

101    102 

2,145 
3.  281 

285 

1,308 

128 

146 

210 

3,004 

1,  170 

6,  193 

117 

171 

36,098 

115,478 

7,728 

3,007 

502 

346 

56 

127,117 

12,93* 

510 

I2S 

91 

His 

i.i) 

14,135 

19,514 
12,417 

9.103 
27.  30S 
14,351 
12.851 
13,980 

5,831 

776 

1,  170 
471, 

2,  286 
189 

1,049 

1,  159 

317 

203 
365 
230 
;,ll 
160 
521 
731 
■ 

28 
50 

10 

III!) 

15 
102 

131 
54 

20,521 
I  1,030 
9,  879 

15,020 
I  1,687 
16,096 
6,527 

60 

en 

22 

0,012 

12 

225 

500 

I,  190 
221 
578 

73 
1 
107 
71 
130 
30 
s 

60 

4 

126 

38 
127 

59 

14 

HI 
1 

21 
0 

3S 

12 
1 

10,055 

is 

21 

2 

164 

02 
42 

56 

13 
1 

71 
3 
17 

619 

1,856 

Utah 

618 

271.271 

30,812 

18,503       2,387 

6,  155 

52 

332,480 

56, 984 

1,658 

3,  07.'. 

1 ,  28 1 

2,154 

52,  337 
27,  224 

191,710 

6,845 

4,  307 
19.000 

3,  270 
1,502 
13,722 

156 
286 
645 

909 

1.  158 
1,  388 

34,  177 
234,  177 

3,617 

707 

.',2.5711 

182 

2S3 
1.  103 

245 

343 

11 
85 

21  is 

198 

1,748 

52 

California 

Crand  fatal   . 

2,681,985 

341,285 

128,938 

28,544 

14,056 

1,507 

3,229,315 

326,  183 

25.  71).-, 

23,781 

0.372 

S.7II 

24,521 

115,271. 

1  In  all  cases,  these  vehicles  are  unclassified  tractor  trucks. 

1  Full  trailers  prohibited.    Semitrailers  registered  with  tractor  trucks. 

3  No  registration  of  trailers  or  semitrailers  in  1032. 

4.  In  those  States  which  imposed  unusually  high  reg- 
istration   fees  on   heavy   trucks   the   number  of  such 

vehicles  was  almost  invariably  small  and  the  revenues 
correspondingly  low.  This  was  particularly  true  in  a 
number  of  Southern  States  in  which  high  registration 
fee-  were,  combined  with  high  gasoline  taxes. 


In  Georgia,  for  example,  the  rates  for  trucks  of  over 
.")  tons  capacity  were1  as  follows:  (i  tons,  $375;  7  tons, 
$750;  over  7  tons,  $1,125.  Against  this  imposing  arraj 
of  lees  we  find  hut  one  truck  of  more  than  5  Ions  capac- 
ity  registered  in  1932     a  6-ton  truck,  paying  $375. 
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In  North  Dakota,  where  the  rate  on  5-ton  trucks  was 
$400  and  on  those  over  5  tons,  $000  to  $1,500,  with 
reductions  after  the  first  year  of  registration,  we  find  six 
5-ton  trucks  paying  a  total  of  $1,404,  and  none  over  5 
tons.  In  South  Dakota,  where  the  schedule  of  rates, 
based  on  chassis  weights,  was  also  very  high,  only  four  5- 
ton  trucks  were  registered,  with  total  collections  of  $1,300. 

One  apparent  effect  of  high  registration  fees  was  to 
bring  about  the  registration  of  heavy  trucks  for  only  a 
part  of  the  year.  In  Alabama  only  one  truck  of  more 
than  5  tons  capacity  was  registered,  a  6-ton  truck  paying 
$  I  S7.50,  or  one-fourth  the  annual  fee  of  $750.  In  Arkan- 
sas, similarly,  one  0-ton  truck  paid  $100,  the  annual 
rate  being  $400.  In  Texas  a  rate  of  $4  per  hundred- 
weight applied  to  trucks  having  gross  weights  of  26,000 
pounds  or  more  was  apparently  not  productive,  as  the 
average  payment  reported  for  trucks  of  more  than  5 
tons  capacity  was  only  $144.23. 

In  Louisiana  the  law  provided  that  trucks  with  a  net 
carrying  capacity  greater  than  5  tons  should  be  charged 
$150  for  each  thousand  pounds  carrying  capacity  in 
excess  of  5  tons,  in  addition  to  a  fee  of  68  cents  per 
horsepower  and  $32  per  ton  for  the  first  5  tons  ($50 
per  ton  for  common  carriers).  City  trucks  were 
exempted  from  this  schedule  and  paid  at  the  rate  of 
$10  per  ton  plus  68  cents  per  horsepower.  No  private 
trucks  were  reported  as  paying  the  high  rates  cited 
above.  Five  common  carriers  having  capacities  of 
more  than  5  tons  paid  a  total  of  $323.  Of  city  trucks 
there  were  28  of  more  than  5  tons  capacity  and  the 
total  collections  from  them  were  $3,050.  Thus  we 
have  a  relatively  low  rate  of  registration  fee  producing 
nearly  10  times  the  revenue  obtained  from  a  very  high 
rate  applied  to  vehicles  of  the  same  capacity  group. 

The  conclusion  is  inescapable  that  such  unusually 
high  rates,  if  effective  at  all,  succeed  only  in  discouraging 
or  virtually  prohibiting  the  registration  of  heavy 
vehicles.  A  more  logical  procedure  in  devising  a 
schedule  of  registration  fees  for  a  given  State  would 
seem  to  lie,  first,  to  fix  definitely  the  maximum  loud 
to  be  permitted  on  the  roads,  and  then  to  adjust  the 
scale  of  fees  with  a  view  of  obtaining  a  maximum  yield. 
It  is  a  recognized  principle  that  heavy  vehicles  should 
pay  the  additional  costs  of  highways  designed  to  sup- 
port their  loads,  so  far  as  those  costs  can  be  determined. 
It  is  not  always  realized  that  one  of  the  variables  enter- 
ing into  the  computation  is  the  number  of  such  vehicles 
which  may  be  registered  in  a  State.  Laws  which  im- 
pose exorbitant  Ices  on  heavy  trucks  tend  to  defeat 
the  purpose  for  which  they  were  enacted,  if  that  pur- 
pose was  to  increase  the  income  of  the  State. 

5.  In  a  comparison  of  the  registration  of  heavy 
trucks  with  the  mileage  of  high-type  State  highways  it 
was  found  that  in  a  number  of  the  States  having  very 
low  registrations  in  this  class  of  vehicles,  there  are  con- 
siderable mileages  of  high-type  road,  and  particularly 
of  portland-cement  concrete.  Conspicuous  examples 
of  this  situation  are  shown  in  table  <). 

One  could  hardly  say  that  the  1,922  miles  of  concrete 
road  in  South  Carolina  were  built  primarily  to  accom- 
modate the  three  5-ton  ducks  which  were  registered,  or 
even  the  357  trucks  which  had  capacities  of  3  tons  or 
more.  Similarly,  in  Alabama,  Arkansas,  Georgia,  and 
even  in  Indiana,  the  number  of  such  trucks  is  so  small 
as  to  be  a  negligible  factor  in  the  traffic  on  the  high-type 
roads.  It  should  also  be  remembered  that  a,  large 
proportion  of  the  movement  of  heavy  trucks  takes  place 
within  the  limits  of  cities. 


Table  9. — Comparison  of  heavy  trucks  registered  with  mileage  of 
high-type  State  highways  existing  in  1932 


State 


Alabama 

Arkansas 

Florida 

Georgia 

[ndiana 

Kentucky 

Louisiana 

South  Carolina 
Tennessee 


Number  of 
trucks  of 

5  tons 
capacitj 
or  more 


21 
181 

66 

105 

3 

72 


High-type  State  high- 
ways i  in  1932 


All  high- 
type 


1,049 
2,002 
1,398 
1,747 
4,174 
1,627 
2.041 
2,370 
2,251 


Portland 
cement 

concrete 


730 
1,032 

528 
1,035 
3,430 

736 
1,795 
1,922 
1,190 


1  From  annual  table  published  by  the  Bureau,  "State  highway  mileage  existing  in 
1932  " 

Very  different  relations  are  shown  if  we  take  certain 
other  States,  such  as  New  York,  with  18,233  trucks  of 
5  tons  or  more  capacity,  and  10,716  miles  of  high-type 
State  highways;  Wisconsin,  with  1,067  such  trucks  and 
4,138  high-type  miles;  or  Wyoming,  with  240  trucks  of 
3  tons  or  more  capacity,  10  of  5  tons  or  more,  and  35 
miles  of  high-type  surface.  Nevertheless,  the  inference 
is  very  clear  that  concrete  and  other  high-type  surfaces 
are  constructed  primarily  in  response  to  the  present 
and  anticipated  demands  of  the  motoring  public  in 
general,  rather  than  specifically  to  support  the  traffic 
of  heavy  trucks. 

FOR-HIRE  CARRIERS  OF  PROPERTY 

The  analysis  of  the  reports  submitted  in  this  survey 
and  of  laws  in  effect  in  1932  indicates  that  for-hire 
carriers  of  property  were,  in  one  way  or  another,  recog- 
nized as  separate  classes  of  vehicles  in  all  States  except 
Maine,  New  Hampshire,  Connecticut,  New  York,  New 
Jersey,  Delaware,  the  District  of  Columbia,  and  Ne- 
braska. Laws  were  passed  in  Maine  and  New  Hamp- 
shire providing  for  the  regulation  of  for-hire  carriers  in 
1933. 

A  number  of  States  which  have  such  regulations 
failed  to  report  separately  the  numbers  of  for-hire 
vehicles  or  their  payments  of  fees;  these  States  were 
Rhode  Island,  Pennsylvania,  Indiana,  Illinois,  Tennes- 
see, and  Mississippi.  In  all,  35  States  reported  for-hire 
carriers  in  such  a  manner  that  they  could  be  included 
in  the  tabulations  of  national  totals,  percentages,  and 
averages. 

The  statisticians  for  each  State  were  requested  to 
report  contract  carriers  and  common  carriers  separately. 
This  could  not  be  done  in  all  cases,  because  of  the  lack 
of  uniformity  among  the  States  in  the  classes  into  which 
property  carriers  are  divided.  Some  States  recognize 
and  regulate  only  one  class  of  for-hire  carriers,  while 
others  have  three  or  more.  There  is  no  universally 
accepted  definition  of  a  common  carrier,  and  it  was 
necessary  in  a  number  of  cases  to  exercise  judgment  as 
to  the  class  to  which  a  given  group  of  vehicles  should 
be  assigned.  It  was  decided  to  regard  the  term  "con- 
tract carrier"  as  the  more  general  classification,  and  to 
include  in  that  group  all  for-hire  carriers  other  than 
those  definitely  assignable  to  the  common-carrier  class. 
Where  contract  and  common  carriers  were  reported 
together,  they  were  assigned  to  the  contract  group. 
This  was  done  in  the  case  of  three  States,  Arkansas, 
Ohio,  and  West  Virginia,  and  probably  in  the  case  of 
Massachusetts,  which  reported  only  contract  carriers. 
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Contract-carrier  trucks  were  reported  in  26  States, 
and  contract-carrier  trailers  in  '_'(>  States.  Thirty-one 
States  reported  common-carrier  trucks  and  24  States 
reported  common-carrier  trailers.  A  segregation  of 
for-hire  property  carriers  into  contract  and  common 
was  available  for  trucks  in  22  States  and  for  trailers  in 
It;  States. 

The  tabulation  of  contract  carriers  also  includes  a 
small  number  of  private  carriers  operating  in  commer- 
cial service  and  subject  to  special  taxation. 

SPECIAL  TAXATION  IMPOSED  ON  FOR-HIRE  CARRIERS  IN  MAJORITY 
OF  STATES 

Of  the  41  States  which  recognized  for-hire  carriers  of 
property  as  a  special  class  of  vehicle,  all  but  five 
Vermont.,  Massachusetts,  Rhode  Island,  Indiana,  and 
Illinois — imposed  higher  taxes  in  1032  upon  contract 
or  common  carriers,  or  both,  than  those  winch  pri- 
vately operated  carriers  were  required  to  pay,  although 
in  a  few  States  certain  classes  of  private  carriers  w<  re 
included  in  the  increased  taxation.  In  some  States  the 
increase  took  the  form  of  higher  registration  fees;  in 
other  States  special  fees,  such  as  have  been  described 
in  the  case  of  public-carrier  busses,  were  imposed. 

Excess  registration  fees. — Registration  fees  in  excess 
of  the  private-carrier  rate  were  paid  by  contract-carrier 
trucks  in  Florida,  Idaho,  North  'Carolina,  North 
Dakota,  South  Carolina.  Virginia,  and  West  Virginia. 
Higher  rates  were  also  paid  by  for-hire  carriers  in 
Arkansas,  which  reported  contract  and  common  carriers 
together.  In  Arkansas  and  Florida  special  \\'c>  were 
paid  in  addition  to  the  excess  registration  lees.  In 
Massachusetts,  Minnesota,  and  Missouri  contract 
carriers  paid  registration  fees  at  the  private-carrier  rate, 
and  no  special  fees. 

Common-carrier  trucks  paid  excess  registration  fees 
in    the    following    States:   Florida,    Idaho,    Louisiana, 
Minnesota,     North     Carolina,     and      North     Dakota 
Additional   special   fees   were    paid    in   all    these   States 
except  Louisiana. 

In  Maryland,  South  Carolina,  and  West  Virginia, 
common  carriers  were  not  required  to  pay  registration 
fees,  ton-mile  taxes  being  assessed  in  lieu  thereof.  In 
California  common  carriers  paid  a  receipts  tax  and  no 
registration  fees.  In  New  Mexico  the  rate  of  registra- 
tion fee  on  common  carriers  was  one-half  the  private 
rate. 

Mileage  taxes. — Taxes  based  on  mileage  traveled  were 
imposed  on  contract  carriers  of  property  in  Florida, 
Georgia,  Kentucky,  and  Oklahoma;  and  on  common 
carriers  in  Alabama,  Florida,  Georgia,  Kentucky,  New 
Mexico,  and  Oklahoma.  In  Tennessee  and  Missis- 
sippi for-hire  carriers  and  certain  classes  of  private 
carriers  were  required  to  pay  a  mileage  tax.  In 
Oklahoma  class  C  motor  carriers  (private  carriers  who 
make  a  charge  for  the  delivery  of  goods)  were  also 
required  to  pay  a  mileage  tax 

In  all  these  States  except  Oklahoma  the  rate  per  mile 
Increased  with  the  weight  or  capacity  of  the  vehicle. 
jln  Alabama,  for  example,  the  rates  varied  from  !  cent 
per  mile  for  vehicles  under  2  ions  capacity  to  2  cents 
per  mile  for  trucks  of  .">  tons  capacity  or  more.  In  New 
Mexico  the  rates  varied  from  ',  cent  per  mile  lor  \  chicles 
"I  1 !  i  tons  capacity  or  less  to  3  cents  per  mile  for  \  ehicles 
of  more  than  5  tons  capacity.  In  Oklahoma  the  rate 
a-  '•  cent  per  mile  for  contract  and  class  ('  carriers, 
nd  %  cent  per  mile  for  common  carriers. 

Ton-mil,    taxes. — Ton-mile    taxes    were    imposed    on 
ontract    carriers    of    property    in    Colorado.     Kansas, 


Utah,  Wisconsin,  and  Wyoming,  and  on  common 
carriers  in  Colorado,  Iowa,  Kansas,  Maryland,  Oregon, 
South  Carolina,  Utah,  West  Virginia,  Wisconsin,  and 
Wyoming.  In  Wisconsin  and  Kansas  certain  classes  of 
private  carriers  were  also  required  to  pay  a  ton-mile 
lax. 

In  •".  States  Wyoming,  Colorado,  and  Utah  the 
rates  were  based  on  revenue  ton-miles,  thai  is,  the  sum 
of  the  products  of  all  revenue  cargoes  times  the  miles 
each   cargo   was  carried.     The   rate   in    Wyoming  was 

cent  per  ton-mile;  in  Colorado,  ){  cent;  and  in  Utah, 

ciai  i  on  hard-surfaced  roads  and  ',  cent  on  other  roads. 

In  West  Virginia  the  Ion-mile  tax  on  common  car- 
riers was  based  on  the  capacity  of  the  vehicle  times 
i he  scheduled  mileage.  In  the  remaining  Slates  the 
gross  ton-mile  was  the  basis  of  the  lax.  Of  these 
Stales,  the  law  in  Iowa  and  Oregon  stipulated  that  the 
gross  weight  used  should  include  the  weight  of  the 
vehicle  and  its  maximum  load.  In  Kansas  the  ^rross 
weight  included  the  weight  of  the  vehicle  plus  twice  its 
capacity  load.  In  Maryland,  South  Carolina,  and 
Wisconsin,  the  rated  capacity  was  added  lo  the  weight 
of  the  vehicle  in  computing  the  lax. 

The  rates  charged  per  ton-mile  in  these  Slales  varied 
from  l/20  cent  in  Kansas  to  '_.  cent  charged  in  South 
Carolina  against  trucks  having  gross  weights  of  more 
i  han  7  tons. 

Receipts  taxes.  Taxes  on  gross  receipts  were  imposed 
on  com  raci  carriers  of  property  only  in  Arkansas,  which 
reported  contract  and  common  carriers  together,  and 
in  Pennsylvania,  which  imposed  the  tax  on  all  for-hire 
vehicles,  but  did  not  segregate  for-hire  carriers  of 
property  from  other  carriers.  Receipts  taxes  were 
imposed  on  common  carriers  in  Arizona,  California, 
Idaho,  North  Carolina,  South  Dakota,  Virginia,  ami 
Washington.  In  North  Carolina  the  payments  of 
registration  fees  were  credited  against  the  gross  receipts 
tax,  and  in  California  the  receipts  lax  was  in  lieu  of 
registration  fees.  The  rates  paid  in  these  nine  Stales 
varied  from  0.8  percent  in  Pennsylvania  to  ti  percent 
in  North  Carolina. 

Other  special  fees.  Fees  for  the  issuance  of  certificates 
of  convenience  and  necessity,  or  equivalent  permits, 
were  paid  by  both  contract  and  common  carriers  in 
Colorado,  Georgia,  Kentucky,  \ew  Mexico,  Oklahoma, 
South  Dakota,  Texas,  and  Wyoming;  and  by  common 
carriers  only  in  Alabama,  Minnesota,  North  Dakota, 
and  Wisconsin.  Franchise  or  permit  fees  al  Hat  rales 
per  vehicle  were  assessed  on  both  contract  and  common 
carriers  in  Georgia,  Montana,  Texas,  and  Wisconsin, 
on  contract  carriers  in  Iowa,  and  on  for-hire  carriers 
operating  as  transfer  companies  in  Tennessee.  Fran- 
chise or  special  license  fees  increasing  with  the  weight 
or  capacin  of  the  vehicle  were  paid  by  contract  and 
common  carriers  in  Michigan,  Ohio,  and  Nevada; 
by  contract  carriers  only  in  Oregon  and  South  Dakota; 
and  by  common  carriers  only  in  Missouri,  Oklahoma, 
and  Tennessee. 

ONLY  A   PART  OF  ALL  FOR-HIRE  CARRIERS  REPORTED 

lii  all,  there  wcvr  reported  96,670  for-hire  carriers 
of  properly,  consisting  of  87,825  trucks  and  8,845 
trailers     and     semitrailers.      The     tabulation     of     these 

vehicles  by  class  of  service  is  as  follows: 

For-hire  trucks  and  tractor  truck.-: 

1       i  ract-carrier  70,  956 

<  '<  immon-carrier  It;.  869 

For-hire  trailers  and  semitrailers: 

i  raci  -carrier    .  ."),  008 

< !i immon-carrier  .;.  837 
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Table    10.    -State  taxes  imposed  on  contract  carriers  of  property  in  1932;  national  totals  and  averages 

REGISTRATION   FEES  AND  MOTOR-FUEL  TAXES 


Rated  capacity 


Tons 

Trucks  and  tractor  trucks: 

i' ■_.  and  less 

Over  1H  and  less  than  3. 

3  and  less  than  5 

5 

Over  5_ 


Total  classified 

Not  classified  by  capacity 

Not  segregated  2 

Undistributed  fees  3_ - 


Total. 


Trailers  and  semitrailers: 

l!_  and  less 

Over  1K>  and  less  than  3. 
3  and  less  than  5 


Over  5. 


Total 


Num- 
ber 
regis- 
tered 


45,  300 
14,613 

7,  794 
800 

1,303 

69,816 

24 

1,  116 


70,956 


1.  Ul 
943 

1,847 
is;, 
622 


5,  008 


Estimated  pay- 
ments of  motor- 
fuel  taxes 


Amount 


$2,  112,710 

990.  516 

690,  Ml 

90,  225 

169,  493 


4.  359.  085 

2,142 

8  i.  25  I 


4,441,481 


Aver- 
age per 
vehicle 


$53.  25 
68  '-'ii 
88  55 
1 1 2.  78 
130  08 


62.44 
89.25 
71.91 


62.  59 


Regular  registration  fees 


Num- 
ber of 
vehicles 


45,  300 
14.013 

7.7'.U 
800 

1,  303 


69,816 

24 
1.  116 


70,  956 


1,111 
943 

1,847 
485 
622 


5,  008 


Amount 
collected 


$855, 700 

601,  is:, 

525,  591 

74,  595 

114,206 


2,  171.037 
382 
31,  lis 
2.518 


2,  205.  955 


10,399 
18,953 
81,085 
28.  113 

40.  157 


179,  007 


Aver- 
se pel 

vehicle 


$18,  89 

41.16 
67.44 
93.24 
87.65 


31.11 
15.92 
28.  15 


31.09 


9.36 
20.10 
43.90 
57.96 
65.04 


35.74 


Excess  registration  fees 


Num- 
ber of 

\  •■IlK'll'  ■ 


14, 043 

2,341 

1.962 

176 

23 


18,  545 


18,  545 


526 
523 
578 
161 


Amount 
collected 


$223, 101 

67,  552 

62,  035 

10,316 

2,000 


365,  670 


305,  070 


Aver- 
age per 
vehicle 


$15.89 
28.86 
31.92 
58.61 
87.22 


19.72 


19.  72 


4,837 

14,  390 

22,  399 

6,  307 

1,937 


49,  870 


9.20 

27.51 

38.75 

39.  17 

215.22 


27.75 


Total  registration  fees 


Num- 
ber of 
vehicles 


45,  300 
14,613 

7,794 
800 

1,303 


09,810 

24 

1,116 


70,  956 


1,  111 

943 

1,847 

485 

622 


5,  008 


Amount 
collected 


$1,078,921 

669,  037 

588,  226 

84,911 

110,212 


2,  537,  307 

382 

31,418 

2,518 


2,571,625 


15,  230 

33,  343 
103,  484 

34,  420 
42,  394 


228,  877 


A  ver- 
age  per 
vehicle 


$23.  82 
45.78 
75.47 

100.  14 
89.19 


36.34 
15.92 
28.15 


36.24 


13.71 
35.  36 
56.  03 
70.97 
68.16 


45.70 


Total  registration  fees  and 
motor-fuel  taxes 


Num- 
ber of 
vehicles 


45,  306 
14,613 

7,794 
800 

1,303 

69,  816 

24 

1,116 


70,  956 


Amount 


$3,  491, 631 

1,665,553 

1,278,367 

175,136 

285,  705 


6,  896,  392 

2,524 

111,672 

2,518 


7.  in::,  loo 


Aver- 
age per 
vehicle 


$77.  o; 

1 13.  9)  | 

104.  o: 
218.  9: 
219.2' 


98.  71  i 
105.  T 
100.  01 


98.  8- 


SPECIAL  FEES 


Rated  capacil  . 


'I'd  11  x 

I  i  neks  and  tractor  trucks: 

l '  2  and  less _____ 

Over  1'2  and  less  than  3 
3  and  less  than  5 


Ovei  5 


Total  classified 
Not  classified  by  capacity 
\oi  segregated  ;  . 
i  ndisti  ibuted  fees  '     - 


Total 


Trailers  and  semitrailers: 

I '  i  and  less  .      _ 

i  Iver  l'  _  and  less  than  3 

3  and  less  than  5 

5 . 

i  >\er  5 ___ 


Total  classified.- 
Undistributed  fees 


Total 


Mileage  or  Ion-mile  taxes 


Num- 
ber of 

vehi- 
cles 


1.073 

706 

333 

57 
5 


•J.  174 

10 

047 


2.831 


Aver- 
A mount  age  per 
i  ollected  vehi- 
cle 


$25,  707 

36,  I  19 

28,  in  l 

4.  134 

714 


95,  258 

825 
07,  330 


163,  113 


'.io:. 

1.317 

2,  030 

97 


4,  118 


I,  lis 


$24  0! 
51.20 
85  57 
72.  53 

142.80 


i.;  82 
82,  :,o 
104.06 


22  11 
20  27 
37.07 
19.40 


29.  85 


29  85 


Receipts  taxes 


Num- 
ber of 
vehi- 
cles 


,sss 

225 

13 

1 


1.  157 


125 
59 

195 
93 


Amount 
collected 


-17,  789 

0,  845 

1 ,  002 

73 


26,669 


20.  000 


1.S37 
2,  109 

0.  001 

6,833 


20,  743 


20,  743 


Aver- 
age per 
vehi- 
cle 


$20.  03 
30.  42 
i:,  63 
73,  00 


14.70 

35.  75 
51.  10 
73.47 


13   95 


43.  95 


Franchise  fees,  certificate 
fees,  and  other  miscel- 
laneous special  fees 


Num- 
ber of 
vehi- 
cles 


lo.  138 

7,350 
::.  mo 

280 
101 


21,644 

10 
1,116 

279 


23.0  10 


311 
231 
1,035 
216 
245 


2,038 
76 


2,  114 


Amount 
collected 


$170,021 
173,408 
130,  055 
18,  504 
43,  442 


541,490 

7 

13,371 

1 .  305 


550.  203 


1,828 
3.  139 
31,042 

9.  5S1I 
11,315 


50,001 

380 


57,284 


.  \  el  - 

age  per 

vehi- 
cle 


$10.20 
23.  00 
43.  80 
04.  03 
94.  23 


25.  02 

.70 

11.98 

5.00 


24.  13 


.-,  ss 
13.59 
29.  99 
44.35 
40.  18 


27.92 
5.00 


Total  special  fees  and  ex- 
cess registration  fees 


Num- 
ber of 
vehi- 
cles 


24,591 

9,  727 

5.  104 

471 

tss 


40,  381 

10 

1,116 

279 


41,780 


S37 
754 
1,014 
377 
254 


3,  830 

70 


3.012 


Amount 
collected 


Aver- 
age pel 
vehi- 
cle 


$133.  73S 

284,014 

229,  140 

33,  027 

16,  162 


1,029,087 

832 

so.  701 

1.305 


1,112.015 


9,  107 
20,  955 
65,  444 
22,817 
13,  252 


131,035 
380 


132, 315 


$17.70 
29.20 
44.  90 
70,  12 
94  59 


25.48 
83  20 

72.  31 
5.  00 


20.  61 


11.31 
27.79 
40.55 
60  52 
52.  17 


34.39 
5.00 


33.  82 


All  fees  and  taxes 


Num- 
ber of 
vehi- 
cles 


45.  300 
14,613 

7,  794 
800 

1.303 


oo.  sio 

24 

1,116 


70,  050 


1,111 
943 

1,847 
is;, 
622 


5,008 


$3,705,208 
1,882,015 

1,444.878 
107. S47 
320.801 


,  559.  809 

3,356 

192,  373 

3,  013 


7.  759,  451 


19,  860 
39.  908 
140,  529 
50, 930 
53,  709 


310.942 
380 


311,322 


Aver- 
age pei 
vehi- 
cle 


$81. 
128.7 
IS5.  3 
247.  3 
253.  1 


108. 

130.8 
172.3 


17.. 
42. 1 

70. :■ 

105.1 

sr,. ; 

62.  (  I 
62, 


See  p   101 


-'  See  p    104.     Estimated  payments  of  registration  fees  and  gasoline  taxes  bj   t  liese  vehicles  are  included. 


3  See  pp.  191  and  192. 


These  figures  represent  only  a  part  of  the  total  num- 
ber of  the  property  carriers  in  the  United  States  operat- 
ing- as  contract  and  common  carriers  in  1032.  Thirty- 
five  States  are  represented  in  the  totals,  hut  those  which 
are  omitted — Maine,  New  Hampshire,  Rhode  Island, 
Connecticut,  New  York,  New  Jersey,  Pennsylvania, 
Delaware,  the  District  of  Columbia,  Indiana,  Illinois, 
Nebraska,  Tennessee,  and  Mississippi — include  several 
of  I  lie  most  populous  States  in  the  Union.  In  view  of 
this  fact  it  would  he  hazardous  to  make  an  estimate  of 
I  he  total  number  of  for-hire  carriers  operating  in  1932. 
The  validity  of  such  an  estimate  would  he  further 
impaired  by  the  fad  that  nine  States  reported  common 
carriers  hut  no  contract  carriers.     The  wide  differences 


in  State  laws  and  regulations  and  the  various  classes  o 
operation,  such  as  city  hauling  and  the  hauling  of  fan: 
products,  which  are  exempted  in  a  number  of  State, 
indicate  that  the  totals  obtained  in  this  survey  aru 
considerably  below  the  total  number  of  for-hire  casi 
riers  in  the  35  States  reporting  such  vehicles. 

The  National  Code  Authority  for  the  truckin 
industry,  operating  under  the  National  Recover 
Administration,  is  conducting  a  registration  of  vehicle 
engaged  in  the  transportation  of  property  for  him 
This  registration  is  designed  to  show  the  number  c 
vehicles  actually  operating  for  hire,  and  not  the  numbe 
regulated  by  law.  The  registration  was  not  eomplet 
at  the  time  of  preparation  of  this  report.     The  tot. 
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Table   11. — Stale  luxes  imposed  on  common  curriers  of  property  in  1932;  national  totals  and  averages 
REG]     i  i:  \  i  [ON    FEES  AM)  MOTOR-FUEL  TANKS 


Rated  capacity 


Tons 

Trucks  and  tractor  trucks: 

1H  "n<i  less        

Over  lji  and  less  than  3 
3  and  less  than  5 

5 

Over  5 

Total  classified. 

\.ii  classified  bj  rapacity 
Not  segregated 

Total 

Trailers  and  semitrailers 
J  Yi  and  less 
Over  \\<i  and  less  than  3 

3  and  less  than  5 

5 

Over  5 

Total 


Num- 
ber 

regis- 
tered 


ti.  755 

1.  162 
2,686 

I. in 
1140 

I  1,673 

lis 

2.  098 


Estimated  pa}  - 
ments  of  motor- 
fuel  taxes 


16,869 


452 
682 
1,378 
519 
806 


3,  s;t7 


$411,732 
:t;«,  186 
260,044 
49,  576 

90,  7ii7 

I,  145,245 

8,  lis 
101,762 


\  in 

age  pet 

vehicle 


$60.  95 
80  06 
96  82 

1 1 5.  29 
141.73 

78  05 
85.  90 

is  50 


Regular  registration  fees 


Num- 
ber Of 

vehicles 


6,  162 

3.515 

.'.  161 

306 

393 


12,537 

16 

2,098 


358 

587 

1,  168 

351 

392 


2,  856 


Amount 
collected 


$114,395 

111.77(1 
1  Hi,  339 
30,  727 
52,087 


185,324 

1,  150 

49,901 


536,  :<75 


4.  1129 

1 5.  7:<  i 

5  1.  IIS 
24,684 
31.549 


131,041 


Vver- 
age  pet 
vehicle 


-r-  ifi 
Hi  33 
117.  72 
inn  rj 
132.54 

- 
25   mi 
23.  711 


Excess  registration  fees 


Num- 
ber of 

vehicles 


1  2  93 
26  si  I 
4(1  62 
7H  32 
80.  48 


862 
149 

153 
13 
3 


I.   ISO 


15  88 


147 
178 

155 
59 
21 

5(13 


Amount 
collected 


lit.  551 


1,784 
2,943 

7,  375 

ti,  nor, 
2. 308 


20,7111 


A  ver- 
age  pei 

vehicle 


$27.  17 
43.  00 
112.(17 
235  mi 

500  (17 


43.  (12 


Total  registration  fees        Total  registration  fi 

motor-fuel  I 


Num- 
ber "i 
\  ehicle: 


(1,  1(12 

3,  5  I  5 

2,  Hi  I 

30(1 

393 


12.537 

4(1 

2,098 


43.62      14,681 


12.  It 

16.53 

(7  58 

mi,  ss 
96.  17 


Ull   SO 


358 
587 

1,  Ids 
351 
392 


2.  856 


Amount 
collected 


$137. SI  5 
101. IIS.', 
1(13,577 
33,  7sl> 
53,616 


540,  S75 
I.  1511 
10.001 

600,926 


(1.413 
18,674 
61,823 

no.  ooo 

33.  S57 
151,  757 


\\ei        N'uiri- 
age  per    ber  ol 

vehicle   vehicles 


$22.  37 

6,  755 

45.  S3 

1.  K12 

75.  70 

2.  (ISO 

110     111 

130 

13(1.  43 

(140 

13  86 

25  00 
23  70 

to  93 


17.91 
31.81 

52.  93 
88,  20 
86  37 


53.  14 


1 1.  (173 

OS 

2.  DOS 

16,869 


\  \  er- 

Amount     age  pei 

vehicle 


$510,517 

194,271 

123.(121 

I  11.323 

1.(105.  120 

0,  568 

151,663 

1,856,351 


•-. 

lis.  70 
157.71 
193  86 

225  50 

115.53 
07  113 
72   20 

llll  115 


SPECIAL    FEES 


All  fees  and  taxes 


Hated  capacity 


Trucks  and  tractor  trucks: 

1H  and  less 

Over  \\i  and  less  than  3 
3  and  less  than  5 


Over  5 


Total  classified 

Not  classified  by  capacity  ' 
Nut  segregated 

I   1 1  •  1 1  no, NO  d  fi  >■ 
Total _. 


Trailers  and  semitrailers 
1H  and  less 

Over  \\'i  and  less  than  3.. 
3  and  less  than  5 

5 

Over  5 

Total  classified 
Undistributed  fees  ' 

Total 


I  See  p.  191. 


1  See  p.  191.     Estimated  payments  of  registration  fees  and  gasoline  taxes  by  these  vehicles  are  included. 


See  |0      191  and   192, 


eported  as  of  September  21,  1934,  was  244,573.  This 
s  the  figure  for  load-carrying  vehicles,  i.e.,  trucks, 
Trailers,  and  semitrailers,  but  not  tractor  t rucks.6 

PAYMENTS  BY  PROPERTY  CARRIERS  ANALYZED 

National  totals  and  averages  for  contract  and  com- 
non  carriers  of  property  arc  given  in  tables  10  and  11, 
respectively.  Certain  items  in  these  tables  require 
Explanation.  In  order  to  emphasize  the  fact  thai 
■ertain  States  exact  higher  registration  Ices  from  for- 
dre  carriers  than  from  those  privately  owned  and  oper- 
ated, the  excess  payments  in  those  States  have  been 
abulated  separately.  Total  payments  of  registra- 
ion  ices,  however,  are  also  given.  In  order  to  show  the 
jotal  amounts  paid  in  additional  fees,  special  Ices  and 

I'A.T.A.  Registration  Bulletin,  Sepl  24,  1934;  published  bj  the  American  Truck 
pg  Association. 


excess  registration  fees  arc  tabulated  together  under 
the  heading  "Total  special  lees  and  excess  registra- 
tion fees".  ' 

In  table  1  and  in  the  discussion  on  page  191,  attention 
was  called  to  a  group  ofconiraci  and  common  carriers 
in  Montana,  Oklahoma,  .and  South  Dakota,  which  were 
not  segregated  from  private  carriers,  although  their  pay- 
ments of  special  fees  were  given  separately.  In  tables 
10  and  II  these  vehicles  are  tabulated  separately;  and 
estimates  have  been  made  of  their  payments  of  gasoline 
taxes  and  registration  fees  on  the  basis  of  the  average 
payments  by  other  classes  of  trucks  in  Montana, 
( Jklahoma,  and  South  I  >akota. 

The  special  lees  tabulated  do  not  include  .all  payments 
of  such  fees  by  for-hire  carriers.  Among  the  payments 
which   could    not    be    properly    allocated    were    receipts 
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taxes  paid  by  all  for-hire  carriers  in  Pennsylvania,  ton- 
niile  taxes  paid  by  for-hire  carriers  and  certain  classes 
of  private  carriers  in  Kansas,  mileage  taxes  and  privi- 
lege taxes  in  Tennessee,  and  certificates  fees  in  Texas 
and  New  Mexico 

Payments  of  registration  fees  and  special  fees  by  for- 
hire  carriers  in  the  individual  States  will  be  found  in 
tables  14  and  15,  where  all  such  payments  are  tabulated. 
A  few  examples  of  average  payments  in  different  States 
will  serve  to  illustrate  the  range  in  charges  against  for- 
hire  carriers. 

Contract  carriers. — Average  payments  of  registration 
fees  by  contract-carrier  trucks  ranged  from  $10.24  in 
Virginia  to  $89  in  Ohio.  Average  payments  of  all  fees 
and  taxes  varied  from  $55  in  Missouri  to  $256  in  Nevada. 
As  in  the  case  of  privately  operated  trucks,  the  average 
payments  in  most  States  increased  rapidly  with  the  size 
of  the  vehicle.  Thus,  average  payments  of  registration 
fees  by  trucks  of  1 ){  tons  capacity  and  less  varied  from 
$8.79  in  Virginia  to  $41  in  Oregon.  For  trucks  of  more 
than  5  tons  capacity  the  range  was  from  $35  in  Massa- 
chusetts to  $313  in  Iowa.  For  all  fees  and  taxes,  pay- 
ments in  the  light-tonnage  group  varied  from  $42  in 
Missouri  to  $214  in  Florida,  and  those  in  the  heavy- 
tonnage  group  from  $163  in  Massachusetts  to  $759  in 
Kentucky. 

Common  carriers. — Average  payments  of  registration 
fees  by  common-carrier  trucks  varied  from  $13.56  in 
Missouri  to  $84  in  Oregon ;  and  of  all  fees  and  taxes, 
from  $99  in  Missouri  to  $445  in  Florida.  The  range  of 
average  payments  by  trucks  of  \K  tons  capacity  and 
less  was  as  follows:  in  registration  fees,  from  $10.50  in 
Missouri  to  $47  in  Idaho;  in  all  fees  and  taxes,  from  $70 
in  Colorado  to  $408  in  Florida.  In  the  case  of  the 
heaviest  capacity  group  (5  tons  or  more)  registration 
fees  varied  from  $33  in  Missouri  to  $337  in  Iowa,,  and 
all  Ices  and  taxes  from  $276  in  Louisiana  to  $1,031  in 
Minnesota. 

COMPARISON  OF  FEES  REQUIRED  FOR  TYPICAL  COMMON-CARRIER 
TRUCK  OPERATION 

The  average  payments  by  common  carriers,  as  re- 
ported, do  not  accurately  reflect  the  differences  in  tax 
rates  among  the  States.  Even  if  the  bases  ami  rates  of 
taxation  were  the  same  for  all  States,  average  payments 
would  vary  because  of  such  factors  as  differences  in  the 
frequency  of  part-year  registrations,  average  mileage 
traveled,  the  volume  of  business,  and  the  proportion  of 
light  and  heavy  trucks. 

A  few  examples  of  the  total  legal  payments  required 
of  a  typical  common-carrier  truck  operating  under  a 
given  set  of  conditions  will  serve  to  illustrate  the  ex- 
treme range  in  taxation.  In  this  computation  we 
assume  a  truck  of  5  tons  capacity,  operating  15,000 
miles  per  year.  Table  4  gives  the  net  weight  of  such  a 
truck  as  approximately  11,700  pounds  and  the  gross 
weight  as  21,700  pounds.  The  assumed  gasoline  con- 
sumption, at  5  miles  per  gallon,  is  3,000  gallons.  Com- 
parative figures  have  been  computed  for  the  States  of 
Florida,  Michigan,  Kansas,  and   New  York. 

This  common-carrier  truck  would  have  paid  fees  at 
the  following  rates  in  the  four  States  in  1 932: 

Florida:  Registration  fees  at  s2  per  100  pounds  gross  weight, 
a  gasoline  tax  of  7  cents  per  gallon,  and  a  mileage  tax  of  2  cents 
per  mile. 

Michigan:  Registration  fees  at  $1.25  per  100  pounds  net  weight, 
a  gasoline  fax  of  3  cents  per  gallon,  and  a  public  utility  permit  fee 
of  *1   ])er  100  pounds  net  weight. 

Kansas:  Registration  fees  of  $100,  a,  gasoline  tax  of  3  cents 
per  gallon,  and  a  ton-mile  lax  of  ().:>  mill  per  gross  ton-mile,  gross 
tonnage  being  twice  the  capacity  plus  net  weight. 


New  York:   Registration  fees  of  80  cents  per  100  pounds  neH 
weight  (same  rate  for  all  classes),  and  a  gasoline  tax  of  2  cents  pe 
gallon  until  March  1  and  3  cents  after  that  date.     On  the  basis  o 
the  reported  tax-earned  gallonage,  the  average  rate  for  the  yea 
was  2.8(3  cents. 

The  rates  in  Florida  would  have  resulted  in  the  following  pay 
ments  for  the  truck  specified: 

Registration  fees       $434 

Gasoline  tax 210 

Mileage  tax__  300 

Total 944 

Total  payments  in  the  four  States,  computed  in  this  manner 
are  as  follows: 

Florida _                                          $944.  00 

Michigan 353.25 

Kansas 308.  88 

New  York 179.40 

DISPOSITION  OF  STATE  MOTOR-VEHICLE  FUNDS 

In  table  12  there  is  given  an  analysis  of  the  purpose-: 
to  which  funds  derived  from  State  motor-vehicle  fee: 
and  gasoline  taxes  were  devoted  in  1932.  No  data  on 
this  character  were  obtained  in  the  survey;  but  thm 
regular  motor-vehicle  and  gasoline-tax  tables  publisher 
annually  by  the  Bureau  (table  MV-2  and  table  G-ll 
give  the  disposition,  according  to  State  laws,  of  t,hn 
funds  reported  each  year  by  the  States.  Table  13: 
was  made  up  by  combining  the  data  on  disposition  on 
funds  given  in  these  two  tables  for  the  year  19322 
Various  small  differences  exist  between  the  data  give?i 
in  table  MV-2,  1932,  as  published  in  1933,  and  the  datt 
obtained  in  this  survey.  Only  a  part  of  the  specia 
lees  paid  by  for-hire  carriers  were  included  in  th 
earlier  tabulation;  and  on  the  other  hand,  certain  itemi 
such  as  dealers'  licenses  and  fines  and  penalties  wen 
included  in  table  MV-2  and  omitted  from  the  survey 
The  gasoline-tax  table  also  includes  certain  miscellai 
neons  receipts  not  earned  in  the  survey  totals.  Thes1 
differences  tend  to  balance,  with  the  result  that  thli 
total  given  in  table  12,  $838,412,410,  differs  very  littll 
from  the  total  of  State  fees  and  taxes,  $838,830,97*' 
obtained  as  a  result  of  this  survey. 

A  total  of  $20,383,242  was  allotted  from  the  motou 
vehicle  and  gasoline-tax  receipts  for  costs  of  collect io  i 
and  administration.  This  is  not  the  total  expended  fc< 
these  purposes,  as  a  number  of  States  make  specif 
appropriations  for  administration  or  pay  collection  cost1 
out  of  other  funds.  The  total  also  includes  certaiii 
special  items,  such  as  reserves  for  refunds  of  gasolin: 
tax,  which  enter  largely  as  a  matter  of  bookkeeping. 

The  sum  of  $457,700,193,  or  54.59  percent  of  th: 
total,  was  assigned  to  the  State  highway  department ; 
for  construction  and  maintenance  of  State  highway 
and  bridges.  In  addition,  $64,779,967  was  devoted  t> 
the  payment  of  interest  and  retirement  charges  oi 
State  highway  bonds.  The  amount  thus  allotted  t> 
State  highways  was  62.32  percent  of  the  total  motor 
vehicle  and  gasoline-tax  receipts. 

County  and  local  road  administrations  were  allottei 
$170,038*290,  or  20.28  percent,  and  $25,286,375,  or  3.0: 
percent,  was  assigned  for  interest  and  retirement  | 
county  road  bonds. 

The  amount  allocated  for  expenditure  on  city  street 
was  $18,144,645,  or  2.16  percent  of  the  total. 

Other  items  allocated  to  construction  and  mainb 
nance  of  roads  and  bridges  were  $1,039,904,  assigned  i 
Massachusetts  to  the  Metropolitan  District  Commit 
sion  for  the  construction  and  maintenance  of  par 
boulevards,  and  $190,000,  assigned  to  the  New  -Terse 
Free  Bridge  Commission.     Two  additional  items  ma 
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Table  12. —  Disvosilion  of  funds  obtained  from  StaU  taxation  of  motor  vehicles  in  19 


Foi  collec 
tion  and 
adminis- 
tration - 

For  consti  net  ion  and 
maintenance  on  ru-      For  high waj  bonds 
ral  roads 

Foi 

Foi  State 

highway 

patrol 

For  other 
purpo  lei 
related  to 
roads  and 
streets 

Fin  put  po  e                                         in -ri 

Total 

State  high- 
ways 

Local 

roads 

State 
highway 

bond 
paj  ments 

<  'ounty 
road  bond 
paj  ments 

Schools 

1   man 

ploj  tnent 

relief 

!  i     eneral 
funds 

Other 

put  1 ■ 

vehicle 

motor-fuel 
laxes  ' 

Uab  una.   

$1  19,  150 
174,797 
194,726 

1,664,862 
158,272 

1,032,587 

1,200 

96,  165 

182,098 

395,678 

619,859 

214,264 

138,834 

139,000 

ITS.  450 

357,639 

1,568,  141 

1,067,592 

315,210 

219,262 

658, 289 

75,  728 

117,856 

.11.    .1! 

257,  103 
377,201 

(HI.  071 
960,  7i III 

179    01 

98,015 
685,  532 
186,073 

191,  394 

2,636,670 

27s,  193 

65,900 
11  1,556 
206.  757 
741,261 

69,  663 

$3,  17."..  321 
2,426,570 
1,025,  164 

27.  015,  372 

4,  71(1,  625 
11,653,875 

1,247,527 

6,  220  638 

1  1,590,657 

2,  128,586 

24,002,038 

is.  117,949 

14,548,787 

9,045,212 

11,837,945 

6,914,205 

2,769,091 

s.  II  1,384 

19,636,  155 

23.392,  187 

12,996,555 

2,  978,  798 
13.  196,941 

2,513,  150 
6,819,738 
977,  177 
3.826,  121 
9,671,794 

1 ,  324,  258 
22,  117,669 

3,  111,319 

2,  .'27,  730 
23,872,054 

9,  139,670 

5,  866,  699 
16,  iss,  157 

2,705,  120 
2,228,351 

3,  105,398 
6,840.098 

22,  105,583 

2,  IH7.352 

3,  SIIS,  mm 
13,421,704 

'.1.  957,  7H7 

1,  156,909 

11,  141,318 

1,  462,  0S1 

$3.  570.  71  1 

I  1,990,  129 

2,  185,057 

86 1 
1,989,  102 
1,341,912 

12.  023,  (IS  1 

3,  124,  126 
3,498,780 

3.  Cllll.  (Kill 
579,  (164 

$2,843,809 

$10,039,  294 

7.  960,  66', 

7.  116.203 
[2,686,  162 

3    Ins..   16 

15.764,337 

3,  601.7,7,6 

22,830,090 

211.616.  825 

12,859,  176 
12  856  7  13 

Arizona        

Arkansas.  

California 

-t   817,590 

Colorado        

Connecticut.  

De]  ware 

Florida       

i  leorgia . 

17S.  77(1 

32S. 751 
s  362,61  ; 

3.S2.  210 
6,218,047 

$2,072,683 

161.377 

'  37::.. kki 

i  'iso  mi 

Cllinois ...  .. 

1,  150.OIIH 

Indiana 

Iowa _ .  . . 

1.. mil,  nun 

1,041 

K  ,,     is 

Kentucky 

Louisiana 

■  S30.  072 

3,707,375 
1,704,910 

495,  196 

4.  082,  059 

423,950 

339,053 

4.(11(1.027 
56,  134 

830,072 

Maine  ..    . 

2,  116,239 
1 1.. 335,  2s7 

3,333,51(1 
1.  229,  1ST 

312,  028 
389,914 

Marj ] 

Ma     ichusetl 

Michigan 

2.  103,595 

I  -l.n.'KI.'.HI! 

3.617, 

77,.  OHO 
11  35.000 

1(1,  (17,0.  Ills 
23,086,924 
10  '"16  322 

Minnesota. 

Mississippi 

Missouri . . . 

2,  996,  223 

20   122  254 

7  981    703 

1  s  77  1  257 

Montana 

i.  250  047 
4.221.023 

3  984  330 

II  1,839 

1.  260.  Ill  10 
1,  170.  16S 

1    12''  7,7,7 

New  Hampshire 

s'ew  Mexico.   . .  . 
\-Tew  York   ...... 

STorth  Carolin  i 
Vorth  Dakota 
3hio 

7.310,0011 
281,363 

15,901,228 
6,  117,   108 
1,311,379 

21,683,703 

1.  173,581 
5,056,398 
772,  576 
I   037,  188 
1,890,684 
3,  458,  305 
8,  102,7(17 

105.511 
i»33,l  12,539 

22(1.  (IIS 

2.  6SII.  271 

s.  153,741 

184,635 

I.M          12    1 

:    124.' 587 

II,  130,  132 

21    1  s  I 

)klahoma 

1,  128    172 

6,044,  150 

285,331 

93,  (127 

II    171    733 

)rezon 

276, 

?ennsylvani  i 
Ihode  Island 

South  Dakol 
Tennessee 

611  616  630 

1.611.  220 

5,096,353 

174,278 

S.  667,.  397 

,',.  107.  638 

1.  (1112,067 

,  ,  ."i    I  5 
2.203.  177 

1(11.021 

1,729 

n,  II.,,    154 

Texas 

Ttali  

6,765,939 

in.  218,  77,7 

737,500 

2S5.  ooil 

2    6,   1.  .,17, 

'ermont ... 

1  093  06  1 

Virginia 

Washington 

JlVest  Vireinia 

605,  628 
199,849 
322,  206 

3,  242,880 
2.  582,  832 

s,  oss,  269 
354,506 

7(1,  SOU 

13,220,057 

7,657,  168 

278, 656 

6.  in:;.  626 

Wisconsin.. 

2,853,  KM 

'     1.  727.  166 

25.  226,  72.1 

\v,,inine__  ...  . 

2.  1161,  587 

M)ist.  of  Columbia. 

Total. 

■"ercenta^e  distri- 
||  bution 

120,560 

"  2,787,204 

2.(107.  761 

'M.  (83,  242 
2   13 

157,  700,  193 
54.  59 

20.  28 

61.77(1.(167 
7.73 

25,  286,  37:, 
3  02 

is.  I  14,645 
2.  16 

5,597,076 
0.67 

1.7 

O    16 

1  1,522,  113 
1.73 

16.7,16,  17,6 
2.  33 

19   6  ,2.336 
1   73 

1.  IS6.  120 
0    1  1 

838,  112.  tin 
Kill  (III 

1  This  table  was  made  up  from  the  annual  tables  published  bj  Hie  Bureau,  table  MV  2,  motor  vehicle  receipts,  1632.  and  table  Q-l, 
Bote    iccompan   in    thi   e  tables  have  been  omitted,  and  the  reader  is  referred  to  them  for  more  detailed  description  of  the  items  in 
'Many  States  pay  collection  cost  from  othei  State  funds;  for  details  see  table  \1  \    2  and  table  G   I.     Administration  cost  includes  1 
linistrative  put  | 
To  31  i  >  ■  eneral  fund  unless  otherw  ise  noted 

I  The  totals  given  in  this  column  are  the  sum  of  the  total  gross  rei  ti   motor- vehicle  taxes,  $324,273,510,  as  given  in  table   VI V 
ler  the  gasoline-tax  laws,  $514,138,900,  as  given  in  table  O   1,  1932     The  lattei  sum  include    $1,091,661  of  receipts  under  gasoline  tax  la 
or  vehicles. 

Expenses  of  transportation  of  tax  division  of  board  of  equalization. 
'  A  \  mi  ion  fund  collected  from  aviation  gasoline  tax. 
"  To  county  general  fund 

Po  boards  of  commissioners  of  ports  of  New  Orleans  and  Lake  ( 'hades  II arbor. 

I ,,  conservation  department  for  oyster  propagal  ion 
K  To  metropolitan  district  com  mission  for  construction  and  maintenance  of  park  I, mil, 
"  For  motor-vehicle  liability  insurance  expenses. 

I  !  "in  aviation  gasoline  tax  allocated  to  aeronautics  fund. 

I I  For  sea  walls  protect  ing  roads 
1  Foi  referendum  expenses  and  experimental  equipment. 

te  ti  iffic  commission. 
"  To  free  bridge  commission. 

To  d  ipartmenl  of  c  immerce  lion. 

'  Ini  ludes  $1, 186,937  to  New  York  Citj  general  fund 
19  For  prison  camp  expenses  for  road  work 
•  Tor, ,,mi'   general  fund  in  lieu  of  personal  properl 
■■  Includes  5105,996  foi  traffic    ignals. 


Stale  2 
this  tab 
alances 


asoline  laxes,  1632 

le. 


.Many  of 
■  funds  for 


2,    1932, 

«  ■  01  In 


ami  the  grand  In 
r  i  hail  gasoline  ti 


ill  earnings 

\es  paid  by 


e  regarded   as  related   to  highway   construction   and  Traffic  control  claimed  a  share  of  the  motor-vehicle 

maintenance.     In  Mississippi  $215,103  was  allotted  for  taxes.     Twelve  Slates  assigned  funds  to  the  supporl  of 

arrying  charges  on  bonds  issued  for  the  construction  of  the  State   highway    patrols;  in   addition,    New  Jersey 

ea  walls  which  serve,  in  part,  at  least,  to  protect  high-  allotted  $66,880  to  the  State  traffic  commission.     The 

fays.     Of  this  amount,  $117,817  was  derived   from  a  amounl  specifically  assigned  to  traffic  control,  $5,597,- 

pecial  gasoline   tax   levied    for   this  purpose  in    three  076,  was  0.67  percent  of  the  total  motor-vehicle  fees  and 

(unities.      In  North  Carolina  $124,587  was  used  lode-  -asoline  taxes. 

■ay  the  expenses  of  prison   camps  maintained   in  eon-  A  total  of  $74,907,028,  or  8.93  percent,  was  devoted 

ection  with  convict  labor  on  roads.  to   purposes  not    related    to   roads  and   streets.      Four 
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Table   15. — Special  State  fees  and  taxes  imposed  on  motor  vehicles  {chiefly  for-hire  carriers)  in  1932;  tabulated  for  each  State  by  type  o  | 

vehicle  and  class  of  serrio 

Taxicabs  and  other 
cars  for  hire 

Busses 

Contract  cai  i  iers  of  property 

State 

Contract,  including 
sight-seeing 

Public-carrier 

'Prucks  and  tractor  trucks 

Receipts 
taxes 

Other 
special 

foes  i 

Mileage,  ton- 
mile  or  pas- 
i  mile 
taxes 

Other 
special 
fees  ' 

Mileage,  ton- 
mile  or  pas- 
senger-mile 
taxes 

1 
Receipts 

la  ',•■- 

Other 

-penal 

fees  ' 

Mileage  or 

ton-mile 

taxes 

Receipts 
taxes 

Other 

special 
fees  i 

$20,620 

$350 

$2,791 

$13,835 
8,  795 

111,072 

$26  669 

... 

28,349 

$16,981 

$25 

180,867 

$2,  489 

54,  166 
52  706 

IX.  100 
3,  000 

M  988 

13,  175 

2,38     ; 

i.  199 

188,  S73 
54,067 

1 75.  694 

38,  Ota 

39,  70 

2.  690 

50,960 

64,  736 
125 

71,35 ' 

2,  858 

36,715 

71(1 

17,910 

2,97 
23,221 

■_'.  170 

79,802 
32,  393 

HI 

30,658 

815 

$302 

652 
92,019 

;iiti 

Ohio                   -   - 

171   8| 

ISO.  ss 

337 

38 
1,324 

66,661 
86   153 
28,896 

>,7.  130 

96 

I   200 

500 

is.  77:< 
21,271 

1,82 

12,063 

72.  288 

•  14,  97i; 

Utah 

6  232 

17,968 

6,013 

50  897 
34,  166 

149,662 
53,884 
10,365 

47.  720 

22,  265 
1,905 

2(17 

1 

95,074 

3,650 

Total 

2,791 

115,206                   9.058 

8,314 

1,253  .  1] 

738,  889 

294  596 

163,413 

26,669 

6  I 

'  Includes  franchise  or  special  license  fees,  privilege  taxes,  permit  fees,  fee^  for  certificates  of  convenience  and  necessil  5  .  etc 
-'  ( lecupation  tax  paid  by  "  I'- Drive-It  "  car  companies. 

\i  ileage  1  u  on  i rstati   bu  se   only. 

1  Payments  of  cert  ificate  fees  included  with  undistributed  fee 

s  See  column  headed  "  Undistributed  fees,  etc."  for  payments  by  out-of-State  property  carriers. 

6  Payments  of  mileage  tax,  privilege  tax,  and  inspection  fees  by  property  can  iers  given  in  column  headed  "  Undistributed  fee     1  ti 

See  column  beaded  "1  ndistributed  fees,  etc." 


States  -Florida,  Georgia,  Louisiana,  and  Texas — al- 
lotted motor-vehicle  or  gasoline-tax  funds  to  the  sup- 
port, of  schools,  the  total  amount  being  $14,522, 1  13. 
New  Jersey  and  New  York  devoted  funds  aggregating 
$19,546,456  to  unemployment  relief.  A  total  of 
$39,652,339  in  fl  States  was  paid  into  general  funds, 
chiefly  those  of  the  States.  In  Louisiana  $830,072  was 
.allocated  to  the  boards  of  commissioners  of  the  ports 
of  New  Orleans  and  Lake  Charles  Harbor,  for  use  in 
payment  of  principal  and  interest  on  bonds  and  other 
payments  in  connection  with  the  establishment  of  porl 
facilities.  The  remaining  items  were  small  in  amount, 
and  were  either  of  an  administrative  character  or  were 
offsets  against  the  taxation  of  gasoline  used  for  other 
than  motor-vehicle  purposes. 

DIVERSION  OF  FUNDS  (HEATER  IN  1933 

The  tendency  toward  the  use  of  motor-vehicle  and 
gasoline-tax  receipts  for  purposes  not  related  to  high- 
ways was  more  strongly  in  evidence  in  1933  than  in 
1932.  A  total  of  $17,568,505  was  allocated  to  the  sup- 
port of  schools;  $29,997,563  was  devoted  to  the  relief 
of  unemployment  or  other  emergency  relief;  and 
$32,971,664  was  paid  into  State,  county,  and  municipal 
genera]  funds.  Nearly  $10,000,000  was  expended  in 
the  financing  of  debt  obligations  not  related  to  high- 
w  ays,  including  $1,100,000  transferred  to  the  real  estate 


bond  payment  fund  in  North  Dakota,  $2,2(i2,<i2.r>  de 
voted  to  retirement  of  State  warrants  in  Oklahoma 
$4,042,235  paid  on  State  debt  obligations  in  Pennsyl 
ania,  $1,404,569  in  payments  on  rural  credit  bonds  ii 
South  Dakota,  and  $869,057  in  payments  on  .Stab 
emergency  relief  bonds  in  Washington.  The  sum  0 
$950,695  was  devoted  to  harbor  improvements  an< 
other  purposes  related  to  navigation. 

The  total  of  the  items  listed  above  is  $91,166,9M 
which  is  11.1  percent  of  the  total  receipts  in  1933  Iron 
State  motor- vehicle  fees  and  gasoline  taxes,  $822,097, 
515.  In  addition  to  these  specific  diversions  there  wen 
miscellaneous  items  aggregating  $3,065,002,  a,  numb© 
of  which  were  largely  administrative  in  character.  I 
these  are  added  the  total  funds  devoted  to  purposes  no 
related  to  roads  and  streets  in  1033  are  found  to  hav< 
been  $94,231,915. 

REGISTRATIONS  AND  RECEIPTS  BY  STATES   TABULATED 

The  greater  part  of  the  foregoing  discussion  of  Stat 
taxation  of  motor  vehicles  in  1932  was  based  on  figure 
for  the  country  as  a  whole,  as  it  was  impossible  in  tb 
space  available  to  give  complete  figures  for  individua 
States.  In  tables  13,  14,  15,  and  16  registrations  am 
payments  of  fees  are  given  for  each  State.  Table  1! 
lists   all    vehicles-   registered    .and    tax-paid,    by    type   0 
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Table  L5. 


al  State  fees  and  taxes  imposed  on  motor  uehicles  (chiefly  for-hire  carriers)  in  1932;  tabulated  for  each  Slalt  by  typi 
of  vehicle  and  class  of  .-   <-vici      '  'ontinued 


i  'ontracl   carriei  -  "I  propertj 
i  'mil  inued 

( 'ommon  carriers  of  propei  i  s 

i  ndi  trill 

uic<l  fee  . 
etc 

State 

Trailers  and  semil  railei 

Trucks  and  tractor  trucks 

Trailers  and  semi 

i  railei 

All  spi 

•rr      and 

taxe 

Mileage  or 
ton-mile 

Receipts 

laves 

Othei 
ipecial 

tecs  i 

Mileage  oi 

ton-mile 

t  axe 

taxes 

Othei 

ipecial 
fee 

M  ilea'. 

triTl-lllile 

Receipts 

Othei 

special 
fee    ■ 

•  1  

$706 

$24,  785 

32,510 

2,  168 

$7,708 

164,661 

Sill 

7,  HI 

( Joloi  ado 

52.  in 

•  ;,, 

34,931 

92,985 

186,  153 

180,  867 

Finn. la 

1,605 
156 

14.932 

52,  7  1 1 

s.  180 
16,  557 

130,  138 

IfiO 

I,  179 

27,  329 

189  033 

9    lis 

1 .  585 

91,265 

319,  sir: 

186,  153 

67,  758 

5,  150 

180.  201 

243,  152 

36,734 

661 

,1,79; 

214 

1,300 

1,886 

1,744 

50,321 

sou 

11,052 

OS.  OSS 

1,  180 

3,  155 

860 

60,863 

re,  80 

New  Mexico ...    

10    130 

(12) 

145 

('•'i 

15  59 

30,083 

22,  329 

83,070 

(.  135 

5,904 

Ohio  ...                   -   

7,950 

28,316 

300,  129 

12  825 
99,  785 

16   105 

15,  in 
2  863 

189,677 

Oregon 

;   153 

391,415 

Pennsylvania     ...  -  

"  33,946 

33,946 

South  Carolina 

" 

23,  171 

13,500 

38,042 

South  Dakota.  -       - 

16,  191 

31,951 
m  22,898 

ii 

i«  11,234 

i»  209 

70,598 

Utah 

ifi 

3,594 

610 

ill.  163 

t.  692 
16,364 

60,  922 

17,307 

07,  si; 

2  "11 
66 

»  248,588 

1  19,  662 

33,774 
9,296 

29,  226 
4,  161 

33,897 
243 

123,  678 

Wyoming -     .___.... 

26,  ISO 

I  tisti  ict  of  Columbia. 

146,  150 

Total 

1.    US 

20  743 

57  284 

1 

287,358 

237,  275 

85,919 

213,017 

73,  633 

564,  212 

5,  230,  702 

1  Includes  franchise  or  special  license  fees,  privilege  taxes,  permil  fees,  fees  for  certificates  of  convenience  and  necessity,  etc 
■  Occupation  tax  on  trucks  operated  by  gas  and  oil  companies 
•  Franchise  fees  imposed  on  l  motorcycles  operating  a.«  contract  carriers 
I  i  il  al  payments  of  ton-mile  tax  bj  carriers  of  persons  and  properl  j ;  noi  allocated  by  class  ,,f  set  \  ice 
Payments  of  mileage  taxes  by  trucks  not  classified  by  class  of  service 
i!  Payments  of  certificate  fees  not  broken  down  as  between  pa    engei  and  propertj  carriers:  Contract  carriers,  $1,756,  common  carriers,  $1,171. 

Payments  of  franchise  fees  and  corporation  taxes  bj  out-of-state  earners  of  propei  t  s 
|'  Payments  of  receipts  taxes  bj  for-hire  carriers  of  persons  and  propertj ;  uol  allocated  bj  class  of  service. 

15  Includes  payments  by  propertj  carriers,  mileage  tux,  $23,669,  prh  ilege  tax,  $6,587,  inspection  fees,  $1,695. 

16  Payments  of  certificate  fees  bj  propertj  carriers  not  allocated  bj  type  ol  vehicle    contract  carriers,  $17,270,  common  carriers,  $5,628 
i:  Includes  $213,533  in  ton-mile  taxes  and  $33,355  in  pen  in  i  fees  paid  by  contract  and  other  commercial  propertj  carriers  which  were  not  segregated  In  an  private  i  in 

.no  in  certificate  fees  paid  bj  common  carriers  of  propertj 


vehicle  and  class  of  service.     The  break-down  by  rated  are  given  the  miscellaneous  fees  paid  by  motor-vehicle 

capacity  is  not  given,     Table  14  gives  the  correspond-  owners,  including  operators' and  chauffeurs'  license  fees, 

ing   payments   of  registration    fees   and    table    15   the  fees  for  certificates  of  title,  transfer  of  registration  fees, 

special  fees  paid  l>v  commercial  carriers.     In  lahle  Hi  and  miscellaneous  small  ileitis. 


OTHER  TAXATION  IMPOSED  ON  MOTOR  VEHICLES  IN   1932 


COUNTY  TAXES  FOUND  IN  ONLY    FIVE  STATICS 

Aside  from  i  he  lev}  ing  of  personal  property  taxes,  the 
couni\  nnii  of  government  has  entered  the  field  of 
motor-vehicle  taxation  to  but  a  very  limited  extern 
Special  county  fees  and  taxes  were  found  to  exist  in 
only  five  States  in  L932,  and  the  collections  reported 
were  only  $1,703,455.  The  actual  total  collected  by 
bounties  may  have  Keen  somewhat  greater,  since  replies 
were  not  received  from  all  the  counties  to  which  ques- 
tionnaires were  sent;  bul  it  is  believed  that  such  charges 

orist  only  in  the  five  States  named.     The  data  on  county 
Ices  and  i  a  ses  are  given  in  table  1 7. 

The  most   significant    fact   revealed   b}    this  table  is 
that  four  of  the  States  in  which  counties  lev\   special 

axes  mi  motor  vehicles   -Alabama,  Louisiana,  Missis- 
sippi, and  Tennessee     are  in  the  South  .and  are  contigu- 


ous.    The  remaining  State,  Nevada,  yielded  only  $3,781 
in  county  motor-vehicle  \'w<. 

\'>\  far  the  largest  single  item  was  reported  in  Loui- 
siana, where  the  parishes  collected  more  than 
$1,000,000  in  gasoline  taxes.  Counties  in  Alabama 
and  Mississippi  also  levied  gasoline  taxes,  those  in  the 
latter  State  being  [i^cd  in  financing  the  construction 
of  sea  walls.  Registration  fees  or  wheel  taxes  in  two 
Tennessee  counties  yielded  $133,044.  The  remaining 
items,  in  Louisiana.  Mississippi,  and  Nevada,  were 
small. 

Ml  NICIPAL  TAXES   MORE  FKEQI  I  \  I  I  1    IMPOSED 

Municipal  I'rc^  and  taxes  (other  than  personal- 
proper  tj  taxes)  imposed  on  motor  veliicles  were  found 
in  39  States  in  1932.  The  total  collections  reported 
were  $]  1,157,822. 


210 


PUBLIC    ROADS 


Vol.  15,  No. 


Table  16. — Miscellaneous  State  fees  imposed  on  motor-vehicle  owners  in  1932 


State 


Alabama.    

Arizona 

Arkansas .   . 

( 'alifornia 

Colorado 

Connecticut 

i  iel  iware     

Florida 

Georgia        

Idaho 

Illinois 

Indiana 

Iowa  

Kansas 

Kentucky 

Louisiana . 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska... 

Nevada 

New  Hampshire.. 

New  Jersey.. 

New  Mexico 

New  York... 

North  Carolina. .. 

North  Dakota 

Ohio 

Oklahoma 

i  Iregon 

Pennsylvania 

Rhode  Island- 

Soul  li  Carolina.  . 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

Dist  of  Columbia 


t  ipei  itors'  licenses 


Private     Chauffeur 


$4.  158 


168,859 
1,221,678 

103.509 


16,  753 

112,3511 

10,090 


380,  996 
97,634 

2,174,712 
394.  71  (i 


19,  191 




180,283 
3,251,282 


$12,  790 
9,  356 

17,  376 
131,860 

15,  Ins 

18,  725 


$32,  881 


2.  921 

7,544 

754 

230,  073 

12,988 

45.  051 

11,642 

26,905 

59,  250 

84,687 

141,267 


116,894 
49,383 


107,  17S 
670 


102,  163 


Dupli- 
cates 


6,931 


3,  700 
1,250 


146 
1,008 


,  373 
262 


Total 


$12,7110 

13,514 

17,376 

1(14.741 

184,047 

1,247,334 

103,509 

2,921 

7.  544 

754 

2:10.07:1 

211.741 

161,  104 

22,  982 

26.  905 

59,  396 

466,691 

238,901 

2,174.712 

518,983 

19,845 


126,369 

670 

4.  967 


282,  7 16 
3,251,282 


Certificates  of  title 


Issues  and 
transfers 


$43,  27S 


94.611 


19,606 

99,  907 


132,244 
111,580 


117,869 


379,  014 


267,029 
24,996 


2,  669 


Dupli- 
cates 


$1,  215 


1,870 
2  663 


14,926 


357 


103 


Total 


$44.  4y3 


94,611 


19,606 

104,  777 


132.244 
111,580 


1 1 7.  869 


393,  940 


267,  029 
25,  353 


2,  772 


Miscellaneous  fees 


Transfers 
or  reregis- 

I  rat  ions 


Duplicate 
registra- 
tions 


$13,  464 
2,  239 

801,  823 
20,  642 
61,042 


8.  816 
4.901 


1X1.339 
150,962 
38,  521 
50,402 
69,  662 


64,  167 


168,  486 


28, 152 


298,  436 

St 6,  671 


$49,512 
2,384 


52 
366 


1.  023 

9,  204 


8,013 
37,  004 


445 


1,551 
L0, 898 


20,  525 


Duplicate 
car  plates 


$581 


13,  541 
1,768 


3,  4S2 


316 

60.  80S 

28,705 

1,623 

1,644 


462 


7,  146 

30.  680 

5,218 

5.  90S 


46 
1,667 


13,  399 
6,878 


Temporary 
entry  per- 
mits 


$4.  9:t0 

7.  408 

35,  738 


7.091 


241 
409 
120 


1,  030 
981 

s   C,C,9 


416 


Fees  for 

official 

cars 


$41,008 


13,764 


1,729 
2,078 


277 


Other 
fees 


$6,004 


110,183 
1,338 

M. Ml 


1,555 
72,"  987 


220 
1,614 


5,527 


13.  773 


2,  263 
35,  840 


Grand 

total 


$12,  790 

78,  056 

19,  615 1 

1.144,730 

.«)'.(.  S14 

1,411,342 

123,  115 

161,  056 

14.  366 

10,  824 1 

558,  971 

341,652 

316,851 

St.  452 

98,  422\'| 

59,  s05 

467,  273 

428, 950 

2,  224,  389 

1,113,119 

58,  018 

16, 655 

393, 398 

41.S09 

15,684 

3,098 

299,  012 

3, 612, 961 


1,322,046 


1.646.352 


2,  968,  39S 


69,  1ST 
27,  704 


66,375 


66,  375 


1,134 


69,  1^7 

2s.  s:ts 


143,971 


16,  850 

4,400,208 

341,  117 

103,477 


12,  734 


1,512 
1,020 


2,900 

12.  64s 
2,710 


32,  1st 

4,412,856 

345,639 

104,  197 


1 48,  27 1 

97.521 
1,535.858 


4,974 
1.910 
8,901 


1  53.  24S 

99, 431 

1,544,759 


1.  106 


220 
9,849 


,  460 
463 


293,0(13 


2,101 


176,718 
4(1,  176 


11,691 
1,  492 


1,614 
12,  476 


s.  832 
16,004 

586,  851 


230,  352 
4,081 


2,  395 


233, 959 


61,744 

34,718 

8,  523 


57.  '.103 


68,627 


50 
800 


232,  747 
4,081 

233.  959 
57,953 
62,544 

103,345 
14,965 


8,  832 
18,  538 

5S6,  S51 


16,044 


16,044 


35,  028 
106,  440 


1,033 


17,918 


100 


2,078 
684 
242 

1,581 


161,  051 


16,  207 


177,  258 


221, 133 


16,974        3,155 


Total 14,885,253 


3.  310.  898      84.651 


241,262 


89,  174 
1 28,  323 
12,829 

ST.  227 


2,  163 


89,  174 

12S,  323 
12,  829 
89,  390 


26,  596 

57,  391 

960 

25,  065 


5,691 
1,233 


12.994 


1.175 


18,280,802 


4,278,282 


61.957 


4, 340,  239       3,  392,  888 


260 
13 


6,  951 


572 


233,  472 


212,  585 


3,995 
6,192 


91,  7S| 


112 

4,  325 
1,245 


24, 950 


900 


640,  773 


4,  222, 1334 

78,  947^1 

29,  52LI 

206,  1231 

155,3494 

134, 725J 

6, 162,  82fJ 

396,  630i| 

114,01311 

18,  780-' 

623,  4604 

383, 488-1 

20, 125  I 

264,  810J 

298,  306  < 

69,696* 

226, 968 1 

149, 420  I 

12,  829  • 

345, 393 1 


27.  363.  770 


Table  17. — County  fees  and  taxes  on  motor  vehicles  in  1932,  other 

than  personal  property  taxes 


Total  fees 
and  taxes 

o^wteUaxes    Gasoline  taxes 

Franchise 
fees 

Other  fees 
and  taxe 

State 

a. 

t  3 

H  o 
a  — 

y. 

o 

S 

.a  3 

SS 

3  — 

q 
a 

< 

So 

5 

a 

3 
o 

5 
< 

^  tx 

11 

< 

Alabama 

$273, 255 

1,  141,035 

151,740 

3,781 

133,644 

6 
15 

3 

$273,  255 

Louisiana 

1.  13S.  729 

26 

52,306 

Mississippi.. 

2  117,817 

2 

$33,923 

Nevada. 

3 

'  3,781 

Tennessee..  _ 

2 

$133, Id  1 

Total 

1,703,455 

2 

133,644 

54 

1,529,801 

29 

6,087 

2 

33,923 

1  Occupational  license  fees  on  taxicabs,  jitneys,  busses,  drays,  transfers,  etc. 

2  Special  gasoline  tax  for  road-protecting  sea  walls. 

3  Road  and  bridge  privilege  tax. 

4  On  interstate  bus  and  truck  operations 

While  the  total  sum  reported  can  hardly  include  every 
dollar  actually  collected  from  motor-vehicle  owners  by 
municipalities,  it  is  believed  to  be  a  fairly  close  approxi- 
mation of  the  truth.  Questionnaires  were  mailed  to 
9,128  municipalities,  and  follow-up  queries  were,  sent  to 
those  which  failed  to  answer  the  iirst  communication. 
The  total  number  of  municipalities  submit  ting-  replies 
\\  as  6,598,  or  72  percent.  Only  1,537,  how  ever,  report- 
ed collections,  the  remainder,  or  5,061 ,  definitely  stating 


that  they  collected  no  special  fees  or  taxes  from  motor-- 
vehicle  owners.     The  assumption  might  be  made  that 
the  great  majority  of  the  municipalities  not  answering 
the  questionnaire  also  had  no  fees  of  this  character. 

In  table  18  there  is  given  a  detailed  analysis  of  the 
questionnaire  survey,  showing  for  each  State  the  number 
of  municipalities  queried,  the  number  replying  and  the 
amounts  of  the  fees  reported. 

The  most  prevalent  type  of  fee,  although  not  the" 
most  productive,  was  that  of  franchise  taxes,  frequently 
levied  on  taxicabs,  busses,  and  for-hire  trucks,  and 
sometimes  upon  occupations  in  which  motor  vehicles 
arc  used,  such  as  drayage  and  the  like.  Fees  of  this 
nature  were  reported  in  34  .States,  and  the  total  collected 
was  $2,053,086. 

Municipal  gasoline  taxes  were  found  in  only  six* 
States,  in  widely  separated  regions  of  the  South  and 
West,  but  the  total  collected  was  $2,602,083,  of  which 
Missouri  alone  accounted  for  67  percent. 

Registration  fees  imposed  by  municipalities  amounted 
to  $9,100,795.  Of  this  total  the  State  of  Illinois  alone 
accounted  for  68  percent.  Other  fees  included  such 
items  as  operators'  and  chauffeurs'  licenses. 

Among  the  39  States  in  the  table  of  municipal  fees, 
the  States  of  Illinois  and  Missouri  far  exceeded  any 
others,  and  together  represented  about  65  percent  of 
the  national  total. 
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Table 

18. — Municipal  fees  and  luxes 

hi  motor  it 

itch  s  i  a 

other  than 

personal 

propert 

Tola] 
number 
of  munic- 
ipalities 

queried 

Total 
number 
of  munic- 
ipalities 
replying 

Number 
of  munic- 
ipalities 
reporting 

fees 

Number 
ol  munic- 
ipalities 
reporting 
no  fees 

Total  fees 
reported 

Registration  fees 

( lasoline  taxes 

Franchise  fees 

Othei 

State 

Number 
repoi  I  in;' 

Amount 

Number 
reporting 

Vmounl 

\  umbel 
reporting 

Amount 

N  umbei 
reporting 

Amount 

296 
34 

388 

277 

246 

i  None 

None 
13 

:.77 
1  None 

110 

284 

186 

None 

261 

1 

1  None 

1  None 

i  None 

tst 

103 

306 

769 

128 

17 

16 

S7 

572 

57 

till 

378 

7 

56 

i  None 

190 

993 

7 

42 

13 

27 

568 

2 

302 

199 

66 

1  None 

502 

85 

207 
1 
21 1 
167 
232 

115 

1 
(it 
58 
28 

92 

$830,341 

180 

212,484 

28,  S21 

ll 

$82,  632 

ss 

$735,  575 

15 

i 

s 

26 

$8,779 

ISO 

5,  022 

210,411 

28,061 

6 

$3,  355 

Arizona.           - 

Arkansas.              - 

111 

109 

201 

56 

205,908 

1 
1 
1 

760 

■  loloi  ado.            

Connecticut-.-   

Delaware 

Florida. — — 

13 

235 

372 
263 

160 

12 
15 

205 

36 
28 

1 
220 

167 
227 

132 

85,  127 
18,  isl 

6,  263,  956 
105,382 

7.  239 

7 
191 

7,"  264 
6,  207,095 

12 

85,  127 

53 
36 

28 

37,  538 

105,382 

6,508 

IS 

5 

731 

214 
1 

hit 
1 

107 

305,836 
234,  000 

79 

298,681 

61 

7.  155 

1 

Louisiana -- 

234,000 

Massachusetts    

120 
98 
126 

359 

92 

17 

1 

84 

566 
49 

128 

315 

42 

46 

is 
15 
1  IS 

is 

1(1 

8 
115 
10 
72 

93 

7 

34 

374 

so 
111 
211 

71 

76 

151 

19 

222 

159,516 

18,958 

446 

2,971,873 

10,023 

103,  131 

2,  166 

1,095 

883,  is,, 

37,082 

235,  262 

155,  122 

2,  10! 

62,  337 

10 

Is 
15 
35 
11 
9 

s 

114 

5 

72 

152,710 

18,958 

446 

77,949 

1,776 
1.073 

22 

6,806 

Minnesota  

Mississippi---  

120 

1,  150,280 

36 

1,743,644 

10 

8,"  247 

1 

102,058 

1 

2,  166 

New  Hampshire 

1,095 

882,  iss 

1,065 

234,  12s 

6 
5 

1 
24 

6 

7 

997 
6,619 

Sill 

73.  253 
825 

17  716 

5 

29,  398 

North  Carolina 

88 

81,869 

North  Dakota ...  . 

1 
34 

1,580 
44,591 

Ohio     

3 

Oklahoma .    - 

Oregon — 

160 

us;, 

1 

36 

11 

27 

336 
2 

264 

173 
54 

29 

9 
1 

6 
11 

23 
22 
2 
7 
99 
27 

131 
676 

30 

20,  804 

70,  111 

4.  905 

20,034 

1,303 

307,  02S 

21,533 

15,  153 

768 

71  1.  262 

16,682 

29 
9 

1 

20,804 
68,  105 

4,  3S0 

2 

1 
1 

2 

1   706 

Rhode  Island 

South  Carolina 

6 

7,542 

12  492 

South  Dakota..   

11 
2 
22 

2 

7 
17 
27 

1,303 

13,  262 
21,533 
13.761 
768 
12,  561 
16,682 

Tennessee  

4 
311 

22 

255,  765 

8,001 

Texas 

Utah 

2 

i   ■;'!" 

Vermont..  

257 
71 
27 

Virginia ...  

95 

701,701 

Washington 

West  Virginia . 

Wisconsin.-                         . 

399 
76 

31 
5 

365 

71 

11,518 
6,605 

34 

4 

11,518 

732 

Wyoming 

1 

5,  873 

Total   ....  

'i.  Us 

6,  598 

1,  537 

5,061 

14,  157,822 

712 

9, 100,  795 

143 

2,602,083 

828 

2  n  ,;.  086 

131 

10     -    ■ 

i  Official  statement  from  State  sources  indicated  that  no  municipal  fees  or  laves  were  levied  in  1932. 


PERSONAL-PROPERTY    TAXES    CHARGED    AGAINST    MOTOR 
VEHICLES 

Since  personal  property  tuxes  upon  motor  vehicles 
are  entirely  distinct  from  the  other  types  of  fees  and 
taxes  paid  by  motor-vehicle  owners,  a  special  inquiry 
on  this  subject  was  undertaken  in  the  several  States 
simultaneously  with  the  general  statistical  investiga- 
tion. The  statisticians  in  each  State  and  field  repre- 
sentatives of  the  Bureau  cooperated  in  examining  official 
reports,  interviewing  officials,  and  collecting  basic 
information  by  means  of  questionnaires  to  local 
governmental  authorities.  In  general,  the  response 
given  to  these  questionnaires  was  excellent.  With  the 
resulting  mass  of  information,  extended  by  approxima- 
tions based  on  the  fact  that  taxes  tend  to  be  much  the 
Isame  in  communities  of  the  same  type  in  the  same 
general  Location,  it  was  possible  in  practically  all  States 
So  estimate  with  fair  accuracy  not  only  the  total 
personal  property  taxes  chargeable  against  motor 
vehicles,  but  also  the  division  of  the  imposts  among  the 
'governmental  units  levying  them. 

The  information  it  was  desired  to  obtain  was  the  total 

personal-property  tax  levied  by  all  governmental  units 

n  the  year  1932.     The  data  assembled  did  not  all  refer 

o  that  specific  year.     Because  of  a  difference  in   the 

seal  years  of  governmental  units,  and  also  because  the 


assessment,  levy,  .and  collection  of  a  tax  involve  a 
considerable  length  of  time,  it  is  impossible  to  get 
uniform  information.  The  assessed  value  may  be  fixed 
in  1  year  and  the  tax  collected  in  another.  The  same 
may  be,  and  often  is,  true  of  the  levy  and  collection  of 
the  tax.  Even  after  the  payment  is  due,  another 
considerable  period  elapses  before  the  tax  becomes 
delinquent.  Thus,  it  was  only  natural  that,  when 
information  was  collected  from  thousands  of  govern- 
mental subdivisions,  there  should  be  some  confusion  as 
to  the  item  to  be  reported  as  the  motor-vehicle  proper!  \ 
tax  for  1932. 

and  adequate  data  were  obtained 
While  in  most  cases  the  complete 
be  obtained,  sufficient  (acts  were 
possible  accurate  estimates.  for  a 
number  of  States  the  figures  are  known  to  be  entirely 
correct,  .as  they  were  based  on  complete  records. 

The  essential  results  of  the  research  and  analysis  arc 
set  forth  in  tables  L9,  20,  and  'J I .  The  first  of  these 
tables  is  a  summary  of  the  principal  facts  brought  out 
by  the  an. a  lysis.  Table  20  gives  a  comparison  among  the 
various  States  of  the  personal  property  taxes  levied  and 
collected  in  L932.  Table  21  gives  a  break-down  of  the 
taxes  collected,  .according  to  the  tax-levying  jurisdic- 
tions. 


( lomprehensive 
from    all    States. 
figures   could    not 
supplied   to  make 
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Table 


L9.     Summary  of  personal-property  tares  levied  and  col- 
lected against  motor  vehicles  in  1932 


Number  of 

vehicles 

licensed 

(1931) 

Personal-propertj  taxes 

Mei ho. 1  of  taxation 

Number 
of  States 

Le\  ied 

Per 

\  i  Mi  le 

Collected 

Special  law s .. -- 

General  law  s 

17 
6 
26 

11,854,346 

1,7110. '.WD 
12,258,827 

None 
$9,921,000 
34,  160,000 

None 

$5  83 

2  79 

None 
$9,921,000 
25,959,000 

Total 

19 

25,814,  103 

14,081,1 

3   16 

35,880, 1 

Table   20. — Personal-property   taxes   levied  and   collected  against 
motor  vehicles  in  1932;  totals  and  percentages  tabulated  by  Stairs 


State 


Taxes  le\  ied 


Uabama      

Arizona.  -. 

Arkansas 

California  

( !olorado 

Connecticul  

I  irliw  :ue 

Districl  of  Columbia 

Florida 

i  teorgi  i 

Idaho  

Illinois  ------ 

Indiana 

Iowa  

-  - 
Kentucky.. 

Louisiana      

Maine 

Maryland -. 

\i  is    ichusetts 

Michigan 

Minnesota 

M  ississippi- .- 

Missouri..   

Montana 

Nebraska   . 
\r\  ada 

New  Hampshire 

New  Jersej    ..    ... 

New  Mexico       

New  York   .   

North  Carolina 
North  Dakota 
Ohio   .-... 
Oklahoma - 

Pennsylvania -. 

Rhode  Island   ... 
South  Carolina  .- 
South  Dakota     . 
Tennessee 
Texas         

II:,  |, 


Vermont    ..-.. 
Virginia 
Washington 
West  Virginia 
Wisconsin...   - 
Wyoming . 


Tola! 


-sis.  Olio 

797,000 

■  ,9  000 

8,534,000 

!,  i  is,  roo 

2,039,000 

None 

175,  000 

None 

694,000 

None 

2,  190,000 

2,  256,000 

None 

1,032,000 

999,000 

1.077.11110 

1,034,000 

1,487,000 

6,  184,000 

None 

None 

559,000 

1,991, I 

323, ) 

932,000 

135,1 

513,000 

None 

None 

None 

840,000 

None 

None 

None 

None 

None 

'.i77,il(lll 

149,000 

None 

133,000 

2,486,000 

357,000 

None 

699,000 

I,  897,000 

544,000 

None 

228,000 

14,081,000 


raxes  col 
lected 


$670,000 

730,  000 

192,000 

5,285,000 

853,000 

1.790.(100 

None 

175,000 

.None 

542,000 

None 

1,855.000 

2,017,000 

None 

908,000 

850, 1)00 

785,000 

1,034,000 

I.  is;,  (ion 

6,  184,000 

None 

None 

147,000 

I,  593  

283,000 

689,000 

,;  000 

513,000 

None 

None 

None 

639,000 

None 

None 

None 

None 

None 

853,000 

362,000 

None 

133,000 

1,715,000 

268,000 

None 

516,000 

1,393,000 

458,000 

None 

228,000 


Pei 
ol  total 
collected 


35,880,000 


s  1 .  9 
91.5 

74.  2 

61   'a 

71   6 

87.  s 

None 

Kio.o 

None 

78.  1 

None 

SI  7 
89.  4 
None 
ss  II 
85.  1 

72.  8 



100.0 
100.0 
None 
None 

80.0 

81.5 

87.  s 

73.9 

(is  1 

100.0 

None 

None 

.None 

76.0 

None 

None 

None 

None 

87    t 

so.  6 

None 

1 00.0 

69.0 

75.  0 
None 

73.  7 
65.  0 
84.3 

None 
100.0 

81.  t 


ESSENTIAL  FACTS  ON  PERSONAL-PROPERTY  TAXATION  OF  MOTOR 
VEHICLES  SUMMARIZED 

Outstanding  results  of  this  phase  of  the  survey  may  be 
summarized  as  follows: 

1.  In  1032  there  were  levied  against  motor  vehicles 
in  the  United  States  personal -property  taxes  in  the 
estimated  amount  of  approximately  $44,081,000. 

2.  Of  the  motor  vehicles  subject  to  taxation,  only 
about  60  percentare  listed  on  the  tax  rolls. 

3.  The  percentage  of  motor  vehicles  placed  upon  the 
rolls  apparently  runs  from  less  than  35  percent  in  the 
State  of  Illinois  to  over  90  percent  in  Arizona,  ( !onnecti- 


Table  21. — Personal-property  taxes  collected  mi  motor  vehicles  in 
1932,  grouped  according  In  tax-levying  jurisdictions 


State 


Tax-levying  itu isdict  ion 


Stale  County  Other 


Alabama 

Arizona 

Vi  kansas 

California 

Colorado 

Connecticut 

Delaware  . ... 

Disti  hi  oi  ( !olumbia 

Klolida  

Georgia    

Malm 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana  

Maine  ' 

Maryland  ' 

\i  assachusetts  ' 

Michigan 

Minnesota 

Mississippi 

Missouri  .. 

Montana _. 

Nebraska  .. 
Ne\  ada 

New    Hampshire  ' 
New   .lelsev 

New  .Mexico 

New   York 

North  Carolina 

North  I  lakola 

Ohio 

Oklahoma 

Oregon  

Pennsylvania-.  .. 
Rhode  Island 
Soul  h  i  'arolina 

Soul  h  1  lakota 

Tennessee.  ...    

Texas 
Utah. 
\  .a  monl 

Virginia 

Washington. 

West  Virginia 

Wisconsin.    

\\  j  oming 

Total 


■|i,".,  1100 

21  IS.  01)0 
II. (II  1(1 
None 
01.  000 

13.000 

None 
None 
None 
91,000 

None 

ISo.  1100 

205,000 

None 
7s.  noil 

149,000 

14S,  (KKI 
.None 

14,r,.  000 
None 
None 
None 
82,000 

hi;. i 

23,  nun 

71.0110 
28,000 
None 
None 
None 
None 
4.5, 000 
None 

None 
None 
None 
None 
3(1,  000 
lit.  00(1 
None 
6,000 

ISO.  (11  III 

19.000 

None 

None 

-'10,(100 

28,000 
None 

35,000 


2,  795,  000 


$379,000 

385,000 

38,000 

3,873,000 

151.  til  10 
23.01)0 
None 
None 
None 

252,000 

None 

198,000 
140,000 

None 

199.  (II 10 

199,(10(1 

233,000 

None 

I  19,  000 

None 

None 

None 

155,000 

642,000 

ins.  nun 

109,  000 
80,000 
None 
None 
None 
None 

228,000 
None 
None 
None 

None 

None 

None 

174,000 

None 

so.  lino 

592,  000 

57  i  ii  ii  i 

None 
241.1100 
379,000 
253, 

None 

17.1 


$128,000 
137,000 

IIO.OIIO 

I.  112,000 
605,  000 

1,724,000 

None 

175,000 

None 

199.000 

None 

1.47-2,000 

1.472.000 

None 

631,000 

502,1 

nil.  iioo 

1,034,000 

893,000 

II.  IS!,  000 

None 

None 

210.000 

SIS,  11(10 

152,000 

506,000 

25,000 

513,000 
None 
None 
None 

366,000 
None 
None 
None 
None 
None 

SI7,0()0 

124.000 
None 
47.000 

634,000 

192.000 
None 

275.000 

SOI, (1110 

177,000 

None 

146,000 


Total 


9,867,000     23,218,000 


$670,  (kki 

730,  000 

192,000 

5,285,000 

853,  (KKI 

1 .  790.  000 

None 

475.000 

None 

542,000 

None 

1,855,000 

2,017,000 

None 

tins.  0110 

850,  OOQ 

785, 000 

1,031.000 

1,487,000 

6,184,000 

N  one 

None 

447,  000 

1.593,000 

283,  000 

•  ISO,  000 

133,000 

."13,000 
None 
None 
None 

639,  OOJJ 
None 
None 
None 
None 
None 

853,  OOQ 

.id'.'.  (100 
None 

133,001 
1,715,001 

268,001 
None 

old.  000 

i.  :<-'x>.  ooo 

158,  OOJ 

None 

228,  000 


35,880,0(8 


i  States  having  permit  fee  equivalent  to  personal-property  tax. 

cut,  and  Montana,  and  100  percent  in  Maine,  Maryland, 
Massachusetts,   New   Hampshire,    Wyoming,   and   the1 
1  )is1  rict  of  Columbia. 

4.  There  is  a  wide  variation  in  the  standard  of  assess- 
ment of  motor  vehicles  in  the  various  States. 

5.  Of  the  totiil  tax  levied,  it  is  estimated  that  collec- 
tions could  not  have  exceeded  $35,880,000  and  they 
may  have  been  considerably  below  this  figure. 

(i.  Because  of  difficulties  in  assessment  and  collec- 
tion, the  personal-property  tax  as  ordinarily  adminis- 
tered is  not  effectively  applied  to  motor  vehicles. 

7.  Seventeen  States,  in  which  there  were,  in  L931 
11,834,340,  or  4.">.'.t  percent  of  the  total  motor  vehicles, 
exempt  motor  vehicles  entirely  from  taxation  as  per- 
sonal property. 

8.  There  are  31  States  and  the  District  of  Columbia 
in  which  motor  vehicles  are  subject  to  some  form  ol 
taxation  as  personal  property.  In  these  States  there 
were  13,959,757  motor  vehicles  registered,  or  54.1 
percent  of  till  vehicles  licensed. 

'.).  The  mean  average  tax  levied  against  thel 
vehicles  was  $3.16  and  the  median  $3.04. 


Octobei   i  134 


PUBLIC    ROADS 


213 


10.  Of  the  States  imposing  personal-property  taxes 
against  motor  vehicles,  five  States  and  the  District  of 
Columbia  make  their  levies  under  special  laws  which 
insure  thai  all  motor  vehicles  operating  are  charged 
with  and  pay  the  personal-property  tax.  The  total  so 
levied  in  L932  was  $9,921,000.  Located  in  these  areas 
in  1931  were  1,700,930  motor  vehicles  or  (i.ti  percent 
of  all  I  he  motor  vehicles  in  the  United  States.  This 
was  an  average  of  $5.83  per  vehicle. 

11.  In  the  remaining  26  States,  containing  1  2,258,827, 
or  47.5  percent  of  all  motor  vehicles  in  L931,  an  ineffec- 
tive attempt  is  made  to  tax  motor  vehicles  under  gene- 
ral property  tax  laws,  the  tax  so  levied  in  1932  being 
$34,160,000,  or  $2.79  per  vehicle. 

FEDKRAI,  MANUFACTURERS'   KXCISE  TAXES  RELATING  TO   MOTOR 
VEHICLES 

The  first  Federal  manufacturers'  excise  taxes  which 
were  paid  by  motorists  were  imposed  under  the  United 
States  Internal  Revenue  Act  of  1918,  effective  October 
4,  1917.  These  taxes  lasted  until  repealed  on  May  29, 
1928.  During  the  period  of  10  years  and  8  months  in 
which  the  taxes  were  in  force,  they  accumulated  to  :i 
total  of  $1,119,931,631,  or  an  average  of  about  $105,- 
000,000  a  year.  There  were  three  groups  of  such 
taxes,  as  follows:  (1)  Automobile  trucks  and  wagons, 
3  percent  on  sales;  (2)  other  automobiles  and  motor- 
cycles, 5  percent  on  sales;  and  (3)  automobile  parts  and 
accessories,  5  percent  on  sales. 

For  an  interval  of  4  years  the  motor-vehicle  owner 
was  free  from  Federal  excise  taxes.  The  Revenue  Act 
of  1932  (approved  June  6  and  effective  June  7,  1932) 
imposed  certain  manufacturers'  excise  taxes  affecting 
the  purchases  of  owners  of  motor  vehicles.  The  new 
law,  however,  imposed  six  groups  of  taxes,  as  follows: 
(1)  A  gasoline  tax  of  1  cent  per  gallon;  (2)  a  tax  on 
lubricating  oils  of  4  cents  per  gallon;  (3)  on  tires  and 
inner  tubes,  taxes  of  2}i  and  4  cents  per  pound,  respec- 
tively; (4)  on  automobiles  and  motorcycles,  3  percent 
on  >ales;  (5)  on  automobile  trucks,  '2  percent  on  ^ales; 
and  (6)  on  automobile  parts  and  accessories,  2  percent 
on  sales.  The  tax  on  gasoline  was  increased  to  1  'j  cents 
per  gallon  on  June  17,  1933,  and  reverted  to  1  cent  on 
January  1 ,  1934. 

These  six  taxes  are  paid,  either  directly  or  indirectly, 
by  owners  of  motor  vehicles,  except  for  the  fact  thai 
part  of  the  excise  taxes  on  gasoline  and  lubricating  oils 
are  paid  by  purchasers  of  these  commodities  for  pur- 
poses other  than  for  motor  vehicles. 

It  will  be  observed  that  these  taxes  did  not  go  into 
effect  until  June  7,  10:52,  with  the  result  that  the  collec- 
tions of  1932  represent  but  slightly  more  than  a  half- 
year  period. 

Table  22  gives  a  summary  of  the  Federal  excise-tax 
collections  in  1932  and  1933,  as  reported  and  as  adjusted 
to  give  as  close  approximations  as  possible  to  the 
amounts  paid  by  the  motorist  in  those  years.  The 
United  States  Bureau  of  Internal  Revenue  issues 
monthly  reports  showing  the  collections  of  the  pre- 
ceding month,  which  cover  taxes  assessed  on  the  sales 
of  the  month  preceding  the  month  of  collection.  There 
is,  in  other  words,  a  lag  of  a  month  between  the  collec- 
tions as  reported  and  the  tax  assessed  on  sales.  The 
first  column  of  figures  in  table  22  irives  the  collections 
of  the  calendar  years  1932  and  L933.  The  second 
column  gives  the  figures  after  adjustment  by  allowing 
for  the  lair  of  one  month,  as  it   was  desired   to  -how.  as 


Table   22.     Summary  of  Federal  excisi    taxes   relating  to    motor 
vehiclt  s  in  193  .'  and  1933 

CALEND  \l:    VEAH 


federal  excise  tax  on 

Collei  i  iuii 

*    '     adjuS 

Gasoline 
Lubrical  ine  oil 

Automobiles  and  motorcycle! 

$02,839,82" 

7.01,7,  111) 

7,545,07] 

1.  221,283 

720,  155 

1,900,  Ill 

-7  1.  181,  720         $68,  .'17.  200 
8.  388,  330             8,000,  000 
8,  112,  18:              8,  112,  187 
1,99(1. 000              1,996,000 

833.907 
2  188    Hi)              2   l1^   IDI 

Total 

84,293,846 

98,  700,848            92,377,998 

CALENDAR  YEAR    1933 


•  lasoline 
Lubricating  oil 

MM.  125,987 
22,289,624 
23,836,  119 
22,  175,  888 
3,046   - 
1.  143,072 

257,217,517 

$187,  161,926 
22,638,019 
24,947,  117 
22,  112,568 
3,  123,958 
t,  544,  666 

265,  128  254 

$171,  152,700 
18,643.800 
24  'M7   1 17 

Automobiles  and  motorcycles 
Parts  and  accessories 
Total 

112.568 
3,  1 23,958 
1,544,666 

1  Collections  as  reported  ad\  anced  I  month  to  allow  for  lap 

foi  gasoline   and  oil-ta>   asse:   minis  adjusted  to  allow  for  non-motor- 
\  ehicle  usage. 

closely  as  practicable,  the  taxes  as  of  the  time  when  paid 
by  the  motorists.  Thus  the  figures  for  the  year  1932 
include  the  collections  of  January  1933,  and  those  for 
1033  include  the  collections  of  January  L934. 

The  last  column  of  table  22  gives  the  figures  after 
adjustment  for  uon-motor-vehicle  use  of  gasoline  and  oil. 
In  the  case  of  gasoline  the  following  method  of  ap- 
proximation was  used.  From  the  data  on  gasoline 
taxes  reported  to  the  Bureau  by  the  States  it  was 
found  that  in  the  hast  6  months  of  L932,  92  percent  of 
the  gasoline  sold  in  the  States  was  taxed  by  the  States 
and  sold  for  motor-vehicle  use.  For  the  calendar  year 
1933  the  figure  was  91.3  percent.  It  appeared  reason- 
able to  apply  these  percentages  to  the  Federal  gasoline- 
tax  figures,  although  the  gallon  age  taxed  by  the  Federal 
Government  was,  in  both  periods,  less  than  the  gallon- 
age  reported  to  the  Bureau  as  having  been  sold  in  the 
States. 

In  order  to  determine  an  approximate  figure  for  the 
amount  of  the  tax  on  lubricating  oil  assignable  to 
motor  vehicles,  a  ratio  between  the  consumption  of 
gasoline  and  the  consumption  of  oil  by  motor  vehicles 
was  derived  from  results  reported  by  other  inves- 
tigators,7 and  from  the  operating  statistics  of  official 
cars  used  by  employees  of  the  Bureau  of  Public  Roads 
in  different  parts  of  the  country.  The  average  ratio 
obtained  as  a  result  of  this  study  was  28.24,  i.e.,  28.24 
gallons  of  gasoline  consumed  to  1  gallon  of  oil.  This 
ratio  was  not  applied  to  the  L932  figures,  as  it  was  found 
to  give  inconsistent  results,  and  a  round  figure  of 
2,000,000  gallons  was  assumed.  In  the  case  of  the 
1933  figures,  the  use  of  the  ratio  gave  results  which 
were  entirely  reasonable,  indicating  that  approximately 
82  percent  of  the  oil  taxed  by  the  Federal  Government 
was  used  by  motor  vehicles.  In  any  event,  however. 
the  allowance  for  non-motor-vehicle  use  of  oil  is  no 
more  than  a  rough  approximation. 

The  figures  for  the  2  years  are  not  directly  compa- 
rable, as  those  for  1932  cover  only  a  little  more  than  a 
half  year,  and  the  gasoline-tax  rate  was  changed  in  1933 
from    I    to    r    cents.     Part   of  the  increase,   however, 


National  Motor  Truck    Inalysis,  by  General  Motors  Truck  Co.,  1929;  Bulletin 
106,  Automobile  Operating  Cos!     ind  Mileage  Studie    and  Bulletin   1 1  i    3ta 
of  Motor  Truck  Operation  in  Iowa,  Iowa  Expert m< 
1932  survey  of  the  American  Petroleum  Institute,  unpublished. 
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appears  to  be  due  to  more  effective  administration  of 
the  law.  The  gallonage  of  gasoline  taxed  by  the  Fed- 
eral Government  in  1933  was  much  closer  to  the  total 
reported  by  the  States  than  was  the  case  in  the  last 
half  of  1932,  indicating  that  early  difficulties  in  enforce- 
ment have  been  eliminated.  The  same  appears  to  be 
true  in  the  case  of  the  tax  on  lubricating  oil. 

PUBLIC  BRIDGE  AND  FERRY  TOLLS 

The  motorist  in  traveling  over  the  highways  must 
pay  tolls  on  many  bridges  and  ferries,  both  publicly 
controlled  and  privately  owned.  Although  no  data  on 
this  subject  were  obtained  in  the  survey,  it  was  decided 
to  obtain,  by  a  study  of  available  records  and  reports, 
an  approximation  of  the  payments  by  motorists  in  1932 
in  the  form  of  public  bridge  and  ferry  tolls.  The 
material  obtained  in  this  manner  is  by  no  means  com- 
plete, and  is  probably  several  million  dollars  short  of 
the  true  total. 

On  April  1,  1933,  the  number  of  toll  bridges  in 
operation  was  given  as  317  in  a  list  published  by  the 
American  Toll  Bridge  Association  in  volume  1  of  its 
1933  proceedings.  Among  these  there  were  104  pub- 
liclv  owned  bridges,  of  which   17  were  interstate  and 


87  intrastate.  Data  on  toll  collections  were  obtained 
for  13  interstate  bridges  and  53  intrastate  bridges,  and 
also  'for  a  number  of  publicly  owned  ferries  operated 
by  the  City  of  New  York.  Total  collections  reported 
were  as  follows: 

Interstate  bridges $14,  154,  667 

Intrastate  bridges 2,  451,  220 

Ferries 1,593,  537 

Total 18,  199,424 


PUBLICATION  ON  ROADSIDE  IMPROVEMENT 
AVAILABLE 

A  limited  supply  of  Miscellaneous  Publication  No. 
191,  "Roadside  Improvement",  is  available  for  dis- 
tribution, and  single  copies  may  be  obtained  by 
addressing  the  Bureau  of  Public  Roads. 

The  publication  discusses  briefly  roadside  improve- 
ment in  the  Public  Works  highway  program,  methods 
of  planning  roadside  improvement,  estimated  costs, 
and  shows  typical  plans  for  roadside  improvement. 
Numerous  illustrations  showing  methods  of  treatment 
under  different  conditions  are  presented. 
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EFFECT  OF  MIXING  TIME  ON  QUALITY  OF 
CONCRETE  PRODUCED  IN  LARGE  MIXERS 

BY  THE  DIVISION  OF  MANAGEMENT,  BUREAU  OF  PUBLIC    ROADS 

Reported  by  WILLIAM  A.  BLANCHETTE,  Highway  Engineer 

STUDIES  have  been  conducted  by  the  Bureau  of 
Public  Roads  at  two  concrete  central-mixing  plants 
to  determine  the  effect  of  the  length  of  the  mixing 
time  on  the  uniformity  of  distribution  of  the  ingredients 
and  on  the  strength  of  the  concrete  as  mixed  in  large- 
capacity  mixers.  The  grinding  of  the  aggregates  during 
the  mixing  action  was  also  studied. 

These  studies  show  that  the  mixers  did  not  distribute 
the  materials  uniformly  throughout  the  batch;  the 
degree  of  uniformity  of  distribution  of  materials  was 
not  changed  by  changes  in  mixing  time  from  1  to  4 
minutes;  and  such  changes  in  mixing  time  did  not 
materially  affect  the  strength.  Increases  in  mixing 
time  increased  the  amount  of  grinding  of  fine  aggregate. 


TESTS  AT  PLANT  1  DESCRIBED 

The  tests  at  plant  1  were  made  with  a  stationary  no. 
84-S  mixer,  96  inches  in  diameter  and  78  inches  long  and 
revolved  10.5  times  per  minute.  The  proportions  of 
the  aggregate  by  dry  weight  were  as  follows; 

Pounds 

Cement 1,750 

Fine  aggregate 4,  495 

Coarse  aggregate 6   4 03 

Net  water 1,  162 

Absorbed  water 1 00 

These  quantities  gave  a  batch  with  an  absolute 
volume  of  94  cubic  feet. 

The  sand  used  as  fine  aggregate  was  analyzed  as 
follows: 


4 
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_  _  _      18. 

14. 

32. 

28 

.     51. 
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82. 

100 

.   .    96. 

pound  sample,  one  slump  lest  was  made,  one  30-pound 
sample  was  analyzed  to  determine  the  proportion  of 
each  ingredient  contained  in  it,  and  two  6-  by  12-inch 
cylinders  and  one  6- by  6-b\  21-inch  beam  were  made. 
This  made  •!  uniformity  tests,  r>  cylinders  and  3  beams 
lor  each  batch  or  a  total  of  I  .">  uniformity  tests,  30 
cylinders  and  15  beams  for  each  of  the  l-,'_'-,and  4 -min  ute 
mixing  periods  and  1 S  uniformity  tests.  36  cylinders  and 
is  beams  for  the  3-minute  mixing  period. 

ANALYSES   TO    DETERMINE   COMPOSITION    OF    SAMPLES    REQUIRE 
CAREFUL  PROCEDURE 

I' 


Conclusions  as  to  the  uniformity  of  distribution 
materials  were  reached  by  determining  the  content  o| 
cement,  water,  line  aggregate  and  coarse  aggregate  in 
the  30-pound  samples  on  a  percentage  basis  and  com- 
paring them  with  the  corresponding  percentages  lor  the 
batch  as  a  whole.  Materials  lor  the  batch  as  a  whole 
were  accurately  weighed  and  variations  of  the  coarse 
and  line  aggregates  from  the  limiting  no.  4  and  no.  100 
sieves  determined.  The  reasons  for  the  latter  deter- 
minations will  appear  in  the  following  paragraphs. 

The  percentages  of  materials  in  a  30-pound  sample  of 
concrete  were  determined  as  follows.  The  sample  of 
wet  concrete  was  first  weighed  in  air  and  then  in  wain 
The  sample  was  then  placed  in  a  special  washing 
machine1  which  washed  oul  the  cement  and  other 
material  passing  the  no.  100  sieve  and  separated  the  ag- 
gregate into  fine  and  coarse  material  by  a  no.  1  sieve. 
The  fine  and  coarse  aggregate  were  each  weighed 
in  water  and  after  applying  several  correction  factors 
the  dry  weight  of  coarse  aggregate  and  dry  weighl  of 
line  aggregate  and  cement  were  determined  by  the  fol- 
lowing formula: 


I  )ry  weight  of  material 


Specific   gravity      immersed   weight 
Specific  gray  il  5       I 


l'irciiil 

Sieve  number:  retained 

0 
9 
9 
4 
4 
6.  0 

The  coarse  aggregate  consisted  of  two  sizes  of  gravel 
combined  to  give  the  following  analysis: 

.  Percent 

Screen  opening:  retained 

2]    inches 0.  0 

1^  inches 0.  0 

%  inch 35.  3 

%inch 73.9 

No.  4 96.5 

Strength  specimens  were  cured  in  a  moist  room  and 
broken  at  28  days.  Beams  were  broken  by  3-poinl 
loading,  1  break  being  obtained  on  each  beam. 

In    the   tests    at    plant    1    batches   of   concrete    were 
sampled  after  being  mixed  for  1,  '_',  :•!,  and  4  minute? 
Samples  from  5  different    batches  were  obtained    for 
each   mixing   time   with    the   exception    of   3    minute- 
Six  batches  were  sampled  after  3  minutes  of  mixing. 
Vs  each  batch  of  concrete  was  being  discharged  from 
'he   nixer.  three  200-pound  samples  were  obtained;  one    aggregate  gave  the  amount  of  water  in  the  sample. 
at  ttie  beginning  of  the  discharge,  one  in  the   middle, 
and  one  at  the  end  of  the  discharge  perio< 
91027—34 1 


The  factors  referred   to  were  corrections  on   account 
(1)  the  grinding  of  aggregate  in  mixing,  (2)  material  in 
(he  coarse  aggregate  (as  weighed  for  the  whole  batch 
liner  than  the  no.  4  and  no.   100  sieve,  and     :'.     material 
in  the  line  aggregate  (as  weighed  for  the  whole  batch 
coarser  than  the  no.   I  sieve  and  liner  than  the  no.   100 
sieve.     The  correction  for  aggregate  liner  than  the  no. 
100    sieve    was    necessary    since    the    material    washed 
through  the  no.  100 sieve  after  being  corrected  for  aggre- 
gate content  (including  that    resulting  from  grinding 
was  considered  a-  the  cement  contenl  of  the  sample. 

The  difference  between  the  weighl  of  the  immersed 
sample  and  combined  weights  of  immersed  aggregate, 
after  proper  correction  gave  the  immersed  weighl  ol 
cement . 

The  difference  between  the  weight  of  the  sample  in  air 
and  the  dr\  weights  of  cement .  line  aggregate,  and  coarse 
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METHOD  OF  DETERMINING  CORRECTION  FACTORS  FOR  THE 
GRINDING  ACTION  DESCRIBED 

It  was  found  that  grinding  may  or  may  not  take 
place  during  the  mixing  of  a  batch.  The  extent  of 
grinding  is  probably  affected  by  some  or  all  of  the  fol- 
lowing factors:  Type  and  gradation  of  both  fine  and 
coarse  aggregate,  proportion  of  each  in  mix,  number  of 
revolutions  of  mixer  drum,  ratio  of  capacity  of  mixer 
drum  to  volume  of  batch,  and  the  mixing  action  in  the 
drum  including  the  amount  of  drop  of  the  aggregates. 
There  is  no  simple  method  by  which  the  amount  of 
grinding  that  takes  place  during  the  mixing  of  a  batch  of 
concrete  can  be  determined  with  precision.  Even  though 
the  entire  mixed  batch  could  be  analyzed  to  determine 
the  amount  of  material  finer  than  the  no.  100  sieve,  cor- 
rections must  be  made  for  the  amount  of  each  ingredient 
passing  this  sieve  before  the  mixing.  These  corrections 
are  not  exact  since  they  are  based  on  samples  that  are 
only  a  small  part  of  the  ingredients  in  the  batch. 

(i  rinding  is  indicated  when  analyses  of  samples  show 
consistently  a  greater  amount  of  cement  (material 
passing  no.  100  sieve)  in  the  samples  after  mixing  than 
is  indicated  by  the  batch  proportions,  proper  allowance 
being  made  for  the  aggregate  passing  the  no.  100  sieve 
before  mixing.  Where  grinding  was  indicated,  tests 
were  made  to  determine  the  percentage  of  both  coarse 
and  fine  aggregate  so  reduced  in  size  during  the  mixing 
action  that  it  passed  the  no.  100  sieve. 

Coarse  aggregate  and  water  in  the  same  relative 
proportions  as  in  the  batches  being  sampled  were 
placed  in  the  mixer.  At  the  end  of  1,  2,  3,  and  4 
minutes  of  mixing  30-pound  samples  were  removed 
from  the  mixer  and  washed  in  the  washing  machine. 
The  percentage  of  aggregate  passing  the  no.  100  sieve 
was  determined.  The  test  was  repeated  using  fine 
aggregate  and  water  and  again  using  fine  aggregate, 
coarse  aggregate,  and  water.  Several  determinations 
were  made  with  each  combination.  These  tests  showed 
that  with  coarse  aggregate  and  water  there  was  no 
appreciable  grinding  for  any  mixing  period  used.  The 
same  was  true  for  the  fine  aggregate  and  water  mixture. 
For  the  fine  and  coarse  aggregate  and  water  mixture 
the  amount  of  aggregate  passing  the  no.  100  sieve,  in 
excess  of  that  passing  before  mixing,  was  appreciable 
and  increased  with  the  length  of  the  mixing  period. 

These  facts  indicate  that  the  mixer  drum  acts  as  a 
ball  mill.  Particles  of  sand  are  pulverized  by  the 
particles  of  coarse  aggregate  falling  on  them.  There 
appeared  to  be  no  pulverizing  of  the  fine  particles  of 
coarse  aggregate  by  the  larger  particles  and  there 
appeared  to  be  no  wearing  away  of  either  aggregate  due 
to  friction  with  the  drum,  blades,  and  buckets. 

As  a  further  check  in  establishing  the  amount  of 
grinding  the  following  procedure  was  followed.  The 
analysis  of  every  sample  of  concrete  showed  the  per- 
centage variation  (plus  or  minus)  of  the  cement,  fine 
and  coarse  aggregate  and  water  from  the  original  pro- 
portions of  each  of  these  ingredients.  The  complete 
analysis  of  all  samples  for  all  mixing  periods  showed  a 
consistent  plus  variation  for  what  was  called  cement, 
and  a  consistent  minus  variation  for  fine  aggregate. 
There  was  no  evidence  that  the  coarse  aggregate  was 
ground  up  to  pass  either  the  no.  4  or  no.  100  sieves. 
From  the  average  of  all  variations  in  cement  and  all 
variations  in  fine  aggregate  for  each  mixing  period,  the 
apparent  gain  in  cement  due  to  grinding  of  fine  aggre- 
gate was  computed  for  each  mixing  time.  Correction 
factors  as  computed  in  this  manner  checked  closely  with 


those  determined  as  previously  outlined.  The  average 
of  the  factors  determined  by  both  methods  was  then 
applied  in  recomputing  the  variations  in  all  samples. 

VARIATIONS  IN  UNIFORMITY  FOUND  IN  ALL  BATCHES 

Table  1  contains  the  results  of  tests  for  uniformity  of 
mix.  This  table  shows  the  proportions  of  each  ingre- 
dient that  went  into  each  batch  sampled,  the  propor- 
tions of  each  ingredient  found  by  analysis  to  be  con- 
tained in  each  30-pound  sample  of  concrete  removed 
from  each  batch,  and  the  percentage  variation  in  the 
proportion  of  each  ingredient  in  each  sample  from  the 
proportion  of  the  corresponding  ingredient  in  the  batch 
as  a  whole.  Variations  above  the  actual  batch  propor- 
tion are  shown  as  plus  and  variations  below  the  actual 
batch  proportion  are  shown  as  minus.  The  percentage 
variations  shown  in  table  1  are  summarized  in  table  2 
which  shows  for  all  samples  under  each  mixing  time, 
the  maximum  individual  plus  and  minus  variations,  the 
average  plus  and  minus  variations  and  the  average  of  all 
variations  regardless  of  sign.  Figure  1  shows  graph- 
ically the  percentage  variations  in  the  proportions  of 
materials  as  shown  in  table  1.  Figure  2  shows  the  per- 
centage variations  computed  for  assumed  samples  each 
composed  of  the  three  samples  taken  from  a  batch. 

Lack  of  uniformity  in  the  distribution  of  the  ingre- 
dients in  each  batch  of  concrete  is  shown  by  the  data 
in  the  tables  and  diagrams.  Had  the  mixing  action 
resulted  in  a  homogeneous  mixture  in  which  the  mate- 
rials were  uniformly  distributed  throughout  the  batch, 
all  samples  would  have  contained  materials  in  the  same 
proportions  as  were  used  in  charging  the  mixer.  The 
results  show  that  homogeniety  did  not  exist  in  any 
batch  of  concrete  tested.  The  summary  in  table  2 
indicates  that  increasing  the  mixing  time  had  no  con- 
siderable effect  in  improving  the  uniformity  of  dis- 
tribution of  the  ingredients.  There  is  practically  as 
great  a  lack  of  uniformity  in  the  4-minute  concrete  as 
there  is  in  the  1-minute  concrete. 

Variations  in  the  proportions  of  the  ingredients  in 
the  different  parts  of  the  same  batch  were  as  high  as 
18  percent  in  some  batches.  Maximum  spreads  in  the 
proportions  in  different  parts  of  a  group  of  batches  for 
a  given  mixing  time  were  from  10  to  24  percent.  The 
spread  between  the  average  plus  and  average  minus 
values  for  a  given  material  ranged  from  3  to  12  percent. 
The  averages  of  all  variations  for  a  given  material  and 
mixing  time  and  disregarding  signs  as  shown  in  table  2 
range  from  1.6  to  5.7. 

STRENGTH  NOT  IMPROVED   BY  INCREASING   MIXING   TIME  FROM 
1  TO  4  MINUTES 

Table  3  gives  the  results  of  the  strength  tests.  It 
shows  the  slump  of  the  concrete  in  each  sample,  the 
compressive  and  ilexural  strength  of  individual  speci- 
mens made  from  each  sample,  the  average  strength  of 
all  cylinders  and  beams  made  from  each  batch  for  each 
mixing  time,  and  the  percentage  variation  in  the 
strength  of  every  specimen  from  these  averages.  It 
shows  the  spread  from  the  maximum  individual  to  the 
minimum  individual  strength  for  both  compression  and 
flexure.  Table  4  is  a  summary  of  the  strength  results, 
and  shows  the  maximum  and  minimum  individual 
strengths,  the  maximum  spreads,  and  the  average 
strengths  of  all  specimens  for  each  mixing  time.  Fig- 
ures 3  and  4  show  graphically  the  compressive  and 
fiexural  strength,  respectively,  for  the  individual  speci- 
mens made  from  each  sample  for  each  batch. 
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Table  1. — Results  of  tests  for  uniformity  of  mix  at  plant  1 
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9.  75 

32.  6 

13.62 

45  3 

2,  43 

s    1 

-1.  1 

-1.4 

+6.1 

1  (' 

11.7 

9.24 

30  - 

11,  7s 

In  3 

2.  23 

7.4 

-0,3 

-2.6 

1  \ 

4.01 

13.3 

9    IS 

3U  .; 

11    is 

17  :; 

2,41 

S    1 

-4.7 

+2.1 

-2.8 

3 

3.  7'J 

12.6 

9.63 

32. 1 

13.  89 

16  3 

2   Is 

8  :: 

21 

l< 

4    18 

i  ;  9 

S  S3 

29  4 

14.  35 

■17  s 

2  13 

s     1 

•  hi  3 

-8  3 

+3.  3 

2  0 

' 

Ic 

.;  B5 

12  - 

9  :;,; 

31.  1 

11   19 

2,  1 1 

8  i 

-t  1.6 

-3.  1 

1  A 

4.10 

13.7 

9  29 

31    (1 

13  95 

46.  7. 

2    II 

8.  1 

' 

-4.4 

+0.6 

hi.  2 

3 

3.80 

1 2.  7 

9.  7? 

32.4 

13.  86 

16  -' 

2  u 

8  (i 

.'1 

n 

4  12 

13  7 

9   37 

31   2 

Ic   f 

2  33 

7  9 

■S     1 

-2.4 

—3  6 

-1-0  7 

-3  3 

ic 

3.71 

12.4 

s  HI 

14.84 

19  i 

2  32 

7.7 

4-7.  1 

1  A 

3.  62 

12.1 

li  85 

32.  8 

13.91 

46.  3 

2    in 

s.  0 

-3.  5 

-1  0  Ii 

+  1.6 

-5.  9 

to 

3 

3.75 

12.5 

9.79 

32.7 

13.69 

45.  6 

8  5 

.  21 

.7 

i! 

3.61 

12.0 

9   73 

32.  4 

11  ill 

46.  s 

2.  in 

8.0 

-3.7 

-0.6 

+2.  6 

1  c 

12  (1 

'i  i; 

32.2 

14.  13 

47.  1 

2.41 

8.0 

-4.3 

-1.4 

•  3   2 

I  A 

3.41 

11.4 

in  33 

34.  4 

13.  63 

45,  .3 

2.  42 

8.2 

-9.  s 

'    ' 

1    7 

-1.6 

p 

3 

3.  78 

12.6 

9.69 

32  3 

13.  86 

16   2 

2   16 

8  2 

.21 

7 

B 

1  c 

3.  33 

11.  1 

9  v, 

33.  0 

14.21 

47.3 

7.  s 

-11.9 

+  2.  1 

-4.  7, 

i   16 

11.5 

32.  9 

I  i   1 5 

■17.  2 

2.31 

7.  7 

+  1.8 

+  2.1 

-6.  1 

1  A 

3.90 

13  0 

9  34 

31.  1 

1 1.  22 

47.3 

2.  32 

7.  7 

+2.9 

-4.9 

+3.0 

4 

3.79 

I2.fi 

9  82 

32.  8 

13  mi 

46.0 

2  37 

7  9 

22 

.  7 

B 

3.87 

12  9 

9.  59 

32.  0 

14.00 

46.7 

7.  7 

+2.1 

+1.4 

-2.  1 

1  c 

3.82 

12.7 

9,  69 

32.  9 

13  89 

46.  3 

2  6C 

8.7 

(-0.8 

1   3 

9 

1  \ 

3.77 

12.6 

32.  2 

13  si 

46.  0 

8.5 

0.0 

+0.4 

4 

3.77 

12.  6 

9.  57 

31. 9 

13  74 

45.  8 

2  71 

9.  0 

.  21 

.7 

1! 

3  80 

12.  7 

H7I 

32.  5 

13  68 

45.6 

2  7,7 

8.6 

+0.8 

•    1    s 

-0.4 

-6.  2 

1  c 

3  87 

12.9 

9  (ill 

13.70 

45.  7 

2.  112 

8.7 

+  2.7 

-0.3 

1  A 

3.54 

11.8 

HI  39 

31.(1 

13.21 

41.  (1 

2.  67. 

-5.  1 

-3.4 

[ 

4 

3.73 

12.4 

9.  6S 

32.3 

13.  67 

4.i.  li 

2.  71 

9.0 

21 

,  7 

» 

3.45 

11.5 

10.  15 

33.  8 

13.  60 

45.  3 

2  7,9 

g  i 

—  7.  5 

+4.9 

-0.5 

-4.4 

1  c 

3  46 

11.5 

9  7:; 

32.  4 

14.01 

46.7 

8.7 

-7.2 

+0.5 

+2.  5 

1    s 

1  A 

4.29 

14.3 

s  B6 

29.  5 

11  (H 

46.7 

2.  63 

-   - 

+  13.2 

-10.0 

+0.  9 

I 

4 

3.79 

12.6 

9.  74 

32  5 

13  88 

46.3 

2  38 

7.9 

.21 

,  7 

11 

4.31 

14.4 

8.77 

29.  2 

i  1  in 

47.0 

2.  62 

8.7 

+-13.  7 

+  1.5 

I  10.  1 

I  c 

3.  62 

12.  1 

li  66 

32.2 

13.  98 

46.  (', 

2  52 

8    1 

—1.  5 

(1   s 

+  5.9 

1  A 

;  -- 

12.9 

- 

28.  4 

14.88 

8.4 

+0.8 

II 

6    1 

>__ 

4 

3.85 

12.8 

9.53 

31.8 

13.98 

16  6 

2   13 

8.  1 

.21 

Is 

3.  94 
4.07 

13.  1 
13.6 

8.86 
9.07 

3.  02 

14  39 
13.  99 

48.0 
46.  6 

60 

s  7 
s  8 

,  1 

1  s 

+  0.  1 

0 

5 

■  9  (1 

In  considering  the  strength  results  it  should  be 
emembered  that  different  batches  of  concrete  were 
sed  for  each  mixing  time,  and  that  there  was  some 
ariation  in  the  proportions  of  the  ingredients  in  the 
ifferent  batches  as  constant  weights  were   used  and 

0  correction  was  made  for  moisture  in  the  aggregates, 
ack  of  uniformity  in  the  distribution  of  the  ingredients 
i  the  concrete,  may  have  produced  considerable  varia- 
'on  in  the  proportions  of  the  ingredients  in  the  strengl  li 
becimens. 

Since  variations  in  batch  proportions  exited  lor  all 
atches  and  since  the  uniformity  results  show  no 
msioerable  difference  in  the  lack  of  uniformity  tor  any 
bring  time,  study  of  the  effect  of  the  length  of  the 
bring  time  on  the  strength  of  concrete  will  he 

1  the  spread  in  strengths  and  the  average  -tivn    Hi  of 


all  tesl  specimens  for  each  of  the  four  mixing  periods. 
Table    1   contains  the  data  for  this  comparison.     'The 

>Ta'_i'i'  compressive  strength  of  all  specimens  lor  the 
I -minute  mixing  time  i-  :;..V.H)  pounds.  The  corre- 
sponding strength  for  the  4-minute  mixing  time  is 
3,738  pounds,  an  increase  of  L48  pounds  or  1  percent. 
I'll.'  significance  of  this  small  increase  however  is  mini- 
mized by  the  fact  that  the  spreads  in  si  rength  from  maxi- 
mum to  minimum  for  individual  breaks,  range  from 
1,220  to  1,7011  pounds  for  the  four  mixing  times,  and 
by  tlic  lift  thai  the  average  strength  of  the  2-minute 
concrete  is  Ic--  than  that  of  the  1-minute  concrete 
.and  the  average  strength  of  the  3-minute  concrete  i- 
greater  than  | hat  of  t he  4-minute  concrete 

The  average  flexural  strength  for  the  L -minute  con- 
crete is  ."lis  pounds.     The  corresponding  strength  for 
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BATCH   NO        6 
MIXING  TIME 


12 

I  MINUTE 


16 


22 


15 


13 


ro 


2  MINUTES 


)  3  f,  10  14  19  23  2  5  7 

3  minutes  4  minutes 

Figure   1.- — Percentage  Variations  of  Materials   in  Samples  from  Batch  Proportions  as  Found  in  Tests  at  Plant 

Samples  from   Each    Batch  Arranged  in  the  Order  A,  B,  C. 


Table  2.     Summary  of  variations  of  proportions  of  ingredients  in 
samples  from  urinal  batch  proportions  in  tests  at  plant  1 


i  agredienl 


i  'ement... 


Sand 


\\  ater 


Kind  of  variation 


Maximum  individual  plus 

.Maximum  individual  minus 

Average  plus .  .. 

A  \  erage  minus 

Average  plus  and  minus  disregard- 
ing sign. 

Maximum  individual  plus 

Maximum  individual  minus- _ 

Average  plus 

A verage  minus 

Average  plus  and  minus  disregard- 
ing sign. 

Maximum  individual  plus 

Maximum  individual  minus 

A  verage  plus 

Average  minus.- 

Average  plus  and  minus  disregard- 
ing sign. 

Maximum  individual  plus 

Maximum  individual  minus 

Average  plus.. 

Average  minus        ..   .    . 

V verage  plus  and  minus  disregard- 
ing sign. 


Mixing  time  in  minutes 


ft  ret  ni 
is.  7 
5.8 
7.9 
2.  9 
5.  3 

9.  l 

(i.  (l 
7.3 
ni- 
ls 

7.  1 
5.  5 
2.6 
3.2 
2  9 


l'i  in  ut 
6.  1 
10.  '.I 
3.6 
6.4 
5.  3 

s.  5 
1.8 
5.  0 

1.  7 
3.3 

4.7 
6.0 
1.8 

2   I 

2.  l 


A 

3,  0 

9.  6 

10.0 

.4 

1.9 

5.  3 

3.6 

4.9 

2.7 

/'i  ret  nt 
10.3 
11.9 
.V4 

5  s 
5  6 

7  9 
3  3 
3.  s 
3.  '.i 

3.  s 

7.  1 
7.9 
2.9 
3.7 
3.0 


6.1 
4.  1 
3.8 
3.9 


l'i  ret  nt 
13.7 

7.5 
4.6 
6.  1 

4.7 

7.3 
10.7 
2.6 
5.  6 

4.4 

6.4 
3.4 
1.8 
i  .' 
1.6 

10.5 
5.  '.i 
8  ii 
3.7 


the  4-mitiute  concrete  is  553  pounds,  an  increase  of  35 
pounds  or  7  percent.  The  spread  in  strengths  however 
is  between  91  and  145  pounds  for  the  four  mixing  times, 
and  the  average  strength  of  the  2-minute  concrete  is 


greater  than  the  strengths  for  the  other  mixing  times, 
seems  reasonable  to  conclude  from  these  results  that  t 
length  of  the  mixing  time  between  1  and  4  minutes,  h 
no  considerable  effect  on  the  strength  of  the  concrei 

FINE  AGGREGATE  GROUND  BY  ACTION  IN  MIXER 

At  plant  1,  grinding  of  the  aggregate  took  pla 
during  the  mixing.  The  grinding  of  the  coarse  aggi 
gate  to  pass  the  no.  100  sieve  was  negligible.  T 
grinding  of  the  fine  aggregate  was  appreciable  a: 
increased  with  the  mixing  time.  Determination  I 
made  of  the  amount  of  sand  passing  the  no.  100  sie 
in  the  material  before  mixing  and  also  of  sand  grou 
up  in  mixing  so  that  it  passed  the  no.  100  sie- 
Determinations  were  made  for  the  4  regular  mixi 
periods  and  for  extended  mixing  periods  up  to 
minutes.     The  results  are  shown  in  table  5. 

This  table  shows  that  the  length  of  the  mixing  ti. 
had  a  marked  eifect  on  the  gradation  of  the  fine  agg 
gate.  The  increase  in  the  amount  of  fine  aggreg 
passing  the  no.  100  sieve  with  increased  mixing  ti 
does  not  increase  the  strength  of  the  concrete. 

Designs  of  concrete  mixtures  are  based  in  part 
the  gradation  of  fine  aggregate  and,  if  this  gradat 
is  changed  by  grinding,  the  concrete  produced  will 
represent    the   design.     Increasing   the   length    of 
mixing  time  presents  the  possibility  of  producing  hai 
ful  effects  on  the  gradation  and  on  the  resulting  concn 
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I'n. ike    2. — Percentage     Variations    oi     Materials     from     Batch     Proportions     Computed     for    Assumed     Samples 

Composed  ob  Three  Samples  from  a  Batch. 


Table  3. — Results  of  strength  tests  at  plant  l 


Mix 


Mi  ii- 
ii  lis 


Sample  designation 


Average 

Maximum  spread. 


Average 

Maximum  spread- 


Average 

Maximum  spread. 


ge 

Maximum  spread. 


Average... 
Maximum  spread. 


a  verage 

Maximum  spread. 


Average 

Maximum  spread 


Slump 


Inches 

214 

3H 


134 

3K 

434 


2J4 

234 


63  i 


2M 

2 

2 


1 
5 

CM 


Cylinders 


Com- 
pressive 

strength 


Pounds 
per 

square 
inch 
4,  130 
3, 920 
3,  990 
3,850 
3,540 
3,850 


3,880 
590 


3, 130 

3,210 
3,470 
3,  MO 
3,510 
3,250 


120 


3,850 
3,690 
3,950 
3,900 

4,  320 
4.  OHO 


3,965 
630 


3,  150 
3,080 
3,310 

3,510 
3,  I7(i 
2,  '.ISO 


3,250 
530 


3,  190 
3,500 
3,  120 
3,560 

3,   IMl 

3,  630 


3,502 

220 


3,885 
270 


2,770 
3,020 
2,730 
2,810 

2,  920 

2,  CM  I 


340 


Per 
cent- 
age 

varia- 
tion 
from 
a\  er- 
age  for 
batch 


+6.  -l 
+1.0 
+2.8 
-0  8 

-s.  s 
-0.S 


15  2 


-6.7 
-4.3 

+3  5 
+5.9 

:  l    ■ 
-3.1 


Flcxural 

strength 


Pounds 

per 
squart 

inch 

535 
180 
561 


Per- 
cent 

age 

\  aria- 

lioll 

from 
avei 

age  I-  i 
batch 


4  i  9 

-8  0 
+6.  9 


12  6 


-2.9 
-6  9 
-0  I 
-1.6 
+9  ii 
+2  9 


15.9 


-3.  1 

-1  8 
+8.0 
+6.  8 
-8.3 


16.  3 


-0.3 
-0.  1 
-2.3 
+  1.7 
2  6 
+3.  Ii 


-  2.  2 

+  1  '.» 

-0.9 
-0.9 

+2.4 


507 
519 
180 


502 
39 


518 

51 1!  I 


+1.0 
+3.4 
-4.4 


+2.  3 
-0.2 
-2.0 


519 


194 

470 


.-,07 
87 

556 
522 
530 


536 
34 


6  9 


-1.8 
+7.0 

-3.3 
-0.  4 
+3.5 
-5.0 


582 
536 
558 


559 
46 


560 
612 


571 

71 


17.2 

+3.7 

-1.1 


+  4-2 
-4.  1 


8  3 


1   'i 
: 


12. 


Table  3.     Results  of  strength  tests  at  plant  I     Continued 


Mix- 
ing 

1  line 

Sample  designal  ion 

Slump 

Cylinders                Beam; 

Batch 
No. 

Com- 
trcngth 

Per 

mil  - 

age 

varia- 
1  ion 
from 

l\  CI 

batch 

Flexural 
strength 

Pei 

celll- 

1  lull 

from 
aver- 

batch 

Min- 
utes 

2 
2 
2 
3 
3 
3 
3 

[a 

Inch  ix 
5H 

Pounds 

i"  i 

si/  mi  n 

inch 
3,630 
3,  620 
3,670 
3,920 
j     3. 770 
,     3,780 

-  2  7 
-3  0 
-1.6 
+5,  0 
+1.0 

Pounds 

pel 
squan 

inch 

.Ms 
480 
569 

—  II  8 

B 

^    i 

ll 

C 

3,  732 

300 

V  ' 

v  ii               89 

17    1 

\ 
B 
C 

15 

5}-i 
S]  : 

3,  330 

3,270 

3,360 

3,  150 

I     3,090 

1     3,  190 

+3.0 
+1.2 
+3  9 
-2.6 
1    I 
-1.3 

606 
590 
619 

■t  0  2 
-  2.  5 

3,  233 

2711 

i  1 

GO 
29 

1  g 

A 

by, 

6 
PA 

3,990 
1.  1  HI 
1,300 
4,280 
1,380 
4,  Imi 

-5.2 
-1.7 

+  2.1 
+  1.7 
■  1  0 
-  0.  7 

IK  IS 

58 1 

589 

i 

+  2  4 

B 

18 

i 

ii  - 

4,221 
390 

9.2 

594 
24 

1    1 

A. 
B 

i:'i 
5lA 

3,810 
3,480 

3,710 
3,860 
3,  180 

;  ..in 

+4.4 

i  :: 
t  1.7 

I  6 

3  ii 

5G2 
,93 

3 

C 

3,648 
380 

HI    1 

- 

A 

B 

5 
2)  i 

1,250 
4,200 
1,230 
4,050 
1.  180 
1,070 

h2   1 
•  ii  9 

0   i 

529 

i  o  9 

0   o 

4 

c 

ii  ; 

I   163 

200 

1  t 

ll 

Maximum  spread. .. 

(a 
It. 
c 

I  fi 

10 

111, 
6 

3,980 

1, 

3,980 
1,080 

0  7 

1-1.3 

ii  7 

■  1   8 

6 

603 
171 
582 

1,007 

210 

5.2 

129 

\ 
B 

1  1 

6 

i.iM 
4,150 
1.320 
1,  260 
I.  1  10 
1,  190 

l  0 

0 
-3.  1 

■ 

■ 

0   II 

120 

07 

222 
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Table  3. — Results  of  strength  tests  at  plant  1- — Continued 


Mix- 

No. 

ing 

time 

Min- 

utes 

19 

3 

23 

3 

2 

i 

5 

4 

7 

4 

13 

4 

20 

4 

Sample  designation 


5000 
4000 
3000 
2000 
1000 


Average 

Maximum  spread. 


Average 

Maximum  spread. 


Average 

Maximum  spread. 


Average 

Maximum  spread . 


Average 

Maximum  spread. 


Average 

Maximum  spread. 


Average _. 

Maximum  spread. 


Slump 


Inches 
5},. 

5% 


Cylinders 


Com- 
pressive 
strength 


3M 

3»4 


4K 


VA 


■■\ 


634 


Pounds 
per 

square 
inch 
4,080 
4, 160 
4,400 
4,360 
4,340 
1,  000 


4,223 


3,390 
3,  430 
3,690 
3.  550 

3,  270 
3,  470 


3,  4H7 
420 


4,030 
4,040 
4,030 
1,260 
4,250 
4,200 


4,135 
230 


3,610 
3,  530 
3,730 

1,iii,I) 
3,820 

ii.'iln 


3,781 
530 


3,  130 
3,040 
3,  090 
3, 140 
3,410 
3,310 


3,187 
370 


Per 
cent- 
age 
varia- 
tion 
from 
aver- 
age for 
batch 


-3.4 

-1.5 
+  4.2 
+3.2 
+2.8 
-5.3 


9.5 


-2.2 
-1.1 
+6.7 
+2.4 
-5.7 
+0.1 


12.4 


-2.5 
-2.3 
-2.5 
+3.0 
+2.8 
+1.6 


Beams 


Flexural 
strength 


Pounds 

per 
square 

inch 

606 
612 
545 


588 
67 


535 
492 

518 


515 
43 


592 
608 
595 


5.5 


-4.5 
-6.6 
-1.3 
+7.4 
+  1.0 
+4.2 


14.0 


-1.8 
-4.6 
-3.0 
-1.5 
+  7.1 
+3.6 


11.7 


4,  130 
4.100 
4,360 
4,  090 
4,290 
4.340 


4,218 
270 


3,440 
3,  560 
3,100 
3,300 
3,300 
3,390 


3,368 
400 


-2.1 
-2.8 
+3.4 
-3.0 
+1.7 
+2.9 


6.4 


+2.1 
+5.7 
-6.2 
-0.2 
-2.0 
+0.7 


11.9 


598 
16 


541 
535 
558 


545 
23 


546 
507 
511 


521 
39 


600 
585 

579 


495 
481 


188 

11 


Per- 
cent- 
age 
varia- 
tion 
from 
aver- 
age  for 
batch 


+3.1 
+4.1 
-7.3 


11.4 


+3.9 
-4.5 
+0.6 


8.4 


-1.0 

+1.7 
-0.5 


2.7 


-0.7 
-1.8 
+2.4 


4.2 


+4.8 
-2.7 
-1.9 


7.5 

+2.0 
-0.5 
-1.5 


3.5 


+  1.4 
-1.4 


2.8 


X 


J    BATCH  NO    6    9    I?   16  22  I     8    II    15   18  3    4    10   14   19  23  2     5     7    13  20 

mixing  time    i  minute  2  minutes  3  minutes  4  minutes 

Figure  3. — Compressive  Strengths  Averaged  by  Batches 


for  All  Batches  at  Plant  1. 
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Figure  4. — Flexural  Strengths  Averaged  by  Batches  for 
All  Batches  at  Plant  1. 

Table  4.- — Summary  of  strength  test  results  at  plant  1 
COMPRESSIVE   STRENGTH 


Mixing  time 

Maximum 
individual 

Minimum 
individual 

Maximum 
spread 

Average 
strength 

Minutes 
1__ 

Pounds  per 
square  inch 
4,320 
4,380 
4,  490 
4,360 

Pounds  per 
square  inch 
2,980 
2,680 
3,270 
3,040 

Pounds  per 
square  inch 
1,340 
1,700 
1,220 
1,320 

Pounds  per 

square  inch 

3,590 

2__    

3,576 

3 

4 

3,957 
3,738 

FLEXURAL   STRENGTH 


561 
619 
619 
608 


470 
480 
474 
481 


91 
139 
145 
127 


518 
570 
558 
553 


Table  5. — Percentage  of  sand  passing  the  no.  100  sieve 

....  .         .  .  Percentage  of 

Mixing  time  in  minutes:  sand  passing 

o : 4.  o 

1 6.0 

2 7.  5 

3 9.0 

4 10.5 

18 14.  0 

37 16.0 

45 18.  5 

70 23.0 

STUDIES  MADE  AT  A  SECOND  PLANT 

A  series  of  studies  were  made  at  a  second  plant  using 
a  stationary  no.  126-S  mixer.  The  drum  was  108 
inches  in  diameter,  90  inches  in  length  and  was  revolved 
1 1  times  per  minute. 

The  proportions  by  dry  weight  of  the  average  batch 
were  as  follows: 

Pounds 

Cement 2,363 

Fine  aggregate 6,  789 

Coarse  aggregate 9,  465 

Net  water 1,  866 

Absorbed  water 62 

These  quantities  produced  a  batch  with  an  absolute 
volume  of  140  cubic  feet. 

The  sand  used  as  fine  aggregate  was  analyzed  as 
follows: 

Percentage 
retained 

Sieve  no.  4 7 

Sieve  no.  8 19 

Sieve  no.  14 33 

Sieve  no.  28 57 

Sieve  no.  48 90 

Sieve  no.  100 99 
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Equipment  at  Plant  No.  1. 


Gravel  was  used  as  coarse  aggregate.  Two  different 
sizes  were  used,  one  having  a  maximum  size  of  1% 
inches  and  the  other  a  maximum  size  of  three-fourths 
inch.  These  gravels  were  used,  each  in  different  series 
of  tests.     Their  gradations  were  as  follows: 


Screen  opening 


1H  inches. 
?i-inch  _ . . 

?i-inch 

No.  4 


Maximum 

size  M  inch, 

percentage 

retained 


Maximum 
size  \l/i. 
inches. 

percentage 
retained 


In  general  the  procedure  followed  at  plant  2  \\  as 
different  from  that  followed  at  plant  1.  One  set  of 
batches  was  used  for  the  uniformity  tests  and  another 
set  of  batches  was  used  for  the  strength  tests.  Both 
the  strength  and  uniformity  tests  were  divided  into 
two  series,  one  in  which  the  maximum  size  of  coarse 
aggregate  was  1  finches,  and  one  in  which  the  maximum 
size  of  coarse  aggregate  was  three-fourths  inch.  The 
mixing  periods  wTere  1,  2,  3,  and  4  minutes. 

TESTS  AT  PLANT  2  SHOW  LACK  OF  UNIFORMITY  FOR   ALL  MIXING 

TIMES 

In  the  uniformity  tests  a  different  batch  of  concrete 
was  used  for  each  mixing  period.  After  a  batch  had 
been  mixed  for  a  given  time  it  was  discharged  from  the 
mixer  and  samples  were  taken  by  intercepting  the  flow. 
Five  30-pound  samples  were  taken,  the  first  at  the 
beginning  of  the  discharge,  the  last  near  the  end  of 
the  discharge  and  the  three  intermediate  samples  wen 
obtained  at  uniform  intervals  of  time  during  the 
discharge.  The  samples  were  analyzed  and  the 
proportions  determined  and  compared  with  the  pro- 
portions of  the  batch  before  mixing  in  the  same  manner 


as  in  the  tests  at  plant  1.  Three 
coarse  aggregate  and  three  with  1%-inch  coarse  aggre- 
gate for  each  of  the  four  mixing  periods  were  analyzed. 
This  involved  the  analysis  of  fifteen  30-pound  samples 
for  each  mixing  period  for  each  size  of  coarse  aggregate. 
The  results  of  the  tests  for  uniformity  of  mix  are 
shown  in  table  6.  The  data  in  this  table  correspond 
with  that  in  table  1  for  the  uniformity  studies  tit  planl 

1.  Table  7  summarizes  the  percentage  variations 
contained  in  table  G,  and  corresponds  with  the  data  in 
table  2  for  plant  1.  Figures  5  and  6  show  graphically 
the  percentage  variations  in  the  proportions  of  cement, 
tine  aggregate,  coarse  aggregate  and  water  in  each 
sample  removed  from  each  batch  from  the  proportions 
of  the  corresponding  ingredients  in  the  batch  from 
which  the  samples  were  removed.  Figure  7  shows  the 
percentage  variations  computed  for  assumed  samples, 
each  composed  of  the  five  samples  taken  from  a  batch. 

The  tables  and  figures  mentioned  above  sho'w   a  con- 
sistent lack  of  uniformity  in  the  samples  taken  at  plant 

2.  Variations  in  the  proportions  of  the  ingredients  in 
different  parts  of  the  same  batch  were  higher  than  20 
percenl  in  some  batches.  Maximum  spreads  in  the  pro- 
portions in  different  parts  of  a  group  of  batches  for  a 
given  mixing  time  were  from  8  to  10  percent.  The 
spread  between  the  average  plus  and  the  average  minus 
values  for  a  given  material  ranged  from  I  to  18  percent. 
The  average  variation  in  the  proportion  of  each  ingre- 
dient1 from  the  actual  batch  proportion  was  between  2.1 
and  8.8  percent,  as  shown  in  table  7.  An  analysis  of 
these  data  indicates  that  the  length  of  the  mixing  time 
had  no  considerable  effeel  on  the  uniformity  of  distri- 
bul  ion  of  the  ingredients. 

TESTS  AT  PLANT  2  SHOW  NO   APPRECIABLE  GAIN   IN   STRENGTH 
WITH  INCREASE  IN   MIXING  TIME 

Samples  for  strength  tests  were  obtained  from  a  given 
batch  after  1,  2,  3,  and  1  minute-  of  mixing  by  inserting 
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Table  (>. — Result*  of  lists  for  uniformity  of  mix  at  plant  .' 

CONCRETE  WITH    'i-INCH  COARSE  AGGREGATE 


Compute* 
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12.6 

10.  I.', 

33.  S 

13.  20 

44.0 

2.79 

9.3 

+  10.2 

-2.0 

-1.2 

+0.7 

D 

3.  65 

12.2 

10.  43 

34.8 

13.06 

43.  5 

2  77 

!>  2 

+6.7 

+0.7 

-2.2 

0.0 

(    E 

3.  67 

12.2 

9.77 

32.  6 

13.77 

45.9 

2.70 

9.0 

+7.3 

-5.7 

+3.1 

-2.5 

A 

3.  86 

12.1) 

10.  14 

34.8 

12  83 

42.7 

2.  7S 

9.3 

+  13.9 

+  1.1 

-3.9 

-2.1 

B 

3.59 

12.0 

10.02 

33  4 

13.  53 

45.  1 

2.77 

9.2 

+5.9 

-3.0 

+  1.3 

-2.5 

13   I 

4 

3.  39 

11.3 

10.33 

34.4 

I  ;  35 

II  5 

2.  84 

'.i  5 

.  on 

.3 

\   c 

3.  42 

11.4 

10.34 

14  5 

13.  26 

44.2 

2  89 

9.6 

+0.9 

+0.1 

-0.7 

+1.8 

D 

3   17 

11.6 

9.83 

32,  8 

14.04 

If,  8 

2,  57 

8.6 

+  2.  5 

-4.8 

+5.2 

-9.5 

I    E 

3.  62 

12.1 

ii,  85 

32.  8 

13  hi 

45.4 

2.  83 

9.4 

+6.8 

-4.0 

+  1.9 

-0.4 
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(  A 

3.30 

11.2 

8.83 

29.4 

15.51 

51.7 

2.21 

7.4 

-1.8    -6.9 

+5.9 

-7.1 

B 

3.20 

11.7 

8.83 

211.  4 

15.  68 

52.3 

2.2C 

7.3 

-6.4|  -6.9 

+7.1 

-7.0 

5-1  . 

1 

3   12 

114 

li.  4s 

31.6 

14.64 

is  s 

2.  38 

7.  9 

.08 

.3 

\  c 

3.36 

11.2 

9.71 

32.  4 

14.43 

48.1 

2.  41 

8.0 

-1.8 

+2.4 

-1.4 

+  1.3 

li 

3.11 

10.4 

9.07 

30.3 

15.4!) 

51.0 

2.23 

7.4 

-9.1 

-4.3 

+5.8 

-6.3 

I   E 

3.17 

10.6 

8.83 

29.  4 

15.  55 

51.8 

2.36 

7.9 

-7.3 

-6.9 

+6.2 

-.8 

f  A 

4.32 

14.4 

8.51 

28.  1 

14.57 

48.5 

2.52 

8.4 

+27.  1 

-10.6 

+2.6 

-9.7 

B 

3.37 

11.2 

9.06 

HI).  2 

14.  85 

49.5 

2.63 

8.8 

-.9 

-4.8 

+4.6 

-5.7 

15    i 

1 

3  in 

11.3 

11.  52 

31. s 

1 1.  £0 

47.3 

2.  711 

1).  3 

(Hi 

.3 

\  c 

3.58 

11.9 

s.  76 

29.2 

14.91 

414.  7 

2.67 

8.9 

+5.3 

-8.0 

+5.0 

-4.3 

D 

3.57 

11.9 

9.33 

31.1 

14.  32 

47.7 

2.  09 

9.0 

+5.0 

-2.0 

+.8 

-3.6 

1   E 

3.  07 

12.2 

11.  112 

30.1 

14.  50 

48.3 

2.  72 

9.1 

+7.9 

-5.3 

+2.1 

-2.5 

1   A 

4.48 

14.9 

9.81 

32.7 

12.86 

42.  9 

2.76 

9.2 

+31.7 

+2.1 

-9.4 

+1.8 

B 

3.19 

111.  0 

11.115 

30.2 

15.  17 

50.6 

2.49 

s.  3 

-0.  2 

-5.8 

+6.9 

-8.1 

1  ii    1 

1 

3.  40 

11.3 

9.61 

32.  1 

14   III 

17  3 

2.  7 1 

9.0 

.  (Ill 

.3 

C 

3.  51 

11.7 

II.  00 

32.2 

14.08 

411. 11 

2.66 

S.  9 

+3.2 

+.5 

-.8 

l.s 

1} 

3.28 

10.9 

9.30 

31.0 

14.68 

49.0 

2.  05 

s.  s 

-3.5 

-3.2 

+3.5 

-2.2 

\   E 

3.  19 

10.6 

S(',l 

28.  s 

15.  59 

52.0 

2.  19 

S3 

-6.2 

-10.1 

+9.9 

-8.1 

f  A 

3.24 

10.8 

9.07 

30.2 

14.91 

49.  7 

2.  09 

9.0 

-4.7 

-5.3 

+5.0 

-2.  2 

J!      1 

B 

3.11 

10.4 

8.65 

js  s 

15.  03 

52.1 

2.52 

8.4 

-8.0 

-9.7 

+10.1 

-8.4 

2 

3.  38 

11.3 

li.  58 

31.9 

i  i  20 

47.3 

2.  75 

9.2 

.011 

.3 

1    (; 

3.10 

10.3 

s.  ss 

29.6 

15.27 

5(1,9 

2.60 

8.9 

-8.3 

-7.3 

+7.5 

-3.3 

D 

3.30 

11.0 

9.27 

30.9 

1  1  57 

48.6 

2.77 

9.2 

-2.4 

-3.2 

+2.  6 

+.7 

(   E 

3.53 

11.8 

9.  74 

32.  5 

13.  73 

45.7 

2.91 

9.7 

+4.4 

+1.7 

-3.3 

+5.S 

1  A 

3.21 

10.7 

8.50 

28.  3 

15.  00 

52.0 

2.60 

s.  7 

-5.6 

-11.1 

+9.6 

-4.1 

22    ' 

B 

3.29 

11.0 

9.22 

30.7 

14.  69 

19  II 

2.71 

9.0 

-3.1 

-3.6 

+3.2 

.0 

- 

,    in 

11.3 

9  56 

11    'i 

11.24 

17  5 

2.71 

9.0 

.OH 

.3 

1   ° 

3.24 

10.8 

s  92 

29.7 

15.  05 

50.2 

2.70 

9.0 

-4.7 

-0.7 

+5.7 

-.4 

11 

3.  30 

11.2 

9.  14 

30.5 

14.64 

48.8 

2.77 

9.2 

-1.2 

-4.4 

+2.8 

+  2.2 

I  E 

3.27 

10.9 

H  22 

30.7 

14.07 

48.  9 

2.  75 

9.2 

-3.8 

-3.6 

+3.0 

+  1.5 

November  1934 


PUBLIC    ROADS 


22.", 


Table  6.     Results  of  testa  fur  uniformity  of  mix  at  plant  2     Continued 
CONCRETE  WITH  m-INCH  COARSE  AQaREOATE    Continued 


Computed  proportions  in  30-DOUnd sample  based  on  oronor- 

lions  of  total  batch 

Proportions  m  su-pound  sam] 

le  by  ( 

Iry  weight 

Percentage 

iple    from     propor- 

Water 

Cement 

Pine 
aggregate 

( 'oarse. 
aggregate 

□ 

(  'eillrnl 

tine 
aggregate 

Coarse 
aggrc 

\el 

vater 

rial 

Batch  No. 

Net 

Absorbed 

a 

a 

c 

a 

a 

a 

= 

a 

a  n 

a 

■^•a 

a 

«T3 

~"3 

■u-a 

js  a 

■P   ° 

■c  a 

a  a 

■c  c 

■a  a 

c 

■c  a 

c 

c 

c 

o 

'S3  o 

CJ 

be  3 

o 

b»3 

o 

M3 

a 

tuD3 

'3  o 

u 

.£?  3 

o 

bjc  3 

53 

0 

£ 

lJ  '  1 

7. 

S- 

Oh 

r~ 

Cm 

>  Q 

Cm 

u-  o. 

Ph 

>  a 

P* 

0> 

Ph 

0* 

Cm 

>  - 

* 

S.  8, 

4> 
Ph 

v 

u 

MH 

V. 

1  A 

3.46 

11.5 

9.  58 

31.9 

14.14 

47.2 

2.  73 

9.  1 

12.4 

+  .4 

• 

Min. 

H 

3.  76 

12.  5 

10.  29 

34. :; 

12.98 

43.3 

2.  SS 

0.  li 

Ml.  2 

+  7.9 

-7.7 

-1.7 

24-U. 

2 

3.  38 

11.3 

9.54 

31.8 

1 1.  Or, 

4C.  s 

2.93 

9.8 

.  09 

.3 

O 

3.  55 

11.8 

in  35 

34.:, 

13.  16 

43.  9 

2.  85 

9.  5 

1  s  5 

1,    I 

-2.7 

O 

3.61 
3.77 

12.0 
12.6 

10.39 
10.26 

34.6 

3  1.  2 

13.04 

12.99 

43.5 

43.3 

2.  S7 
2.  89 

9.  6 
9.  6 

1  s.  0 

-  7.  :i 

-2.0 
-1.4 

1   A 

4.01 

13.4 

9.  16 

30.  5 

13.83 

46.  1 

2  91 

9.7 

■4-18. 3 

-4.5 

-1.4 

-.3 

li 

3.31 

11.0 

9.  OS 

30.  3 

14.  NO 

49. 3 

2.  72 

9.  1 

-2.4 

5.  3 

-6.  2 

II   I 

3 

3.  39 

11.3 

9.  59 

32.0 

14.03 

46.7 

2  91) 

9  7 

O'l 

3 

3  73 

12  1 

'I  01) 

14  41 

48  1 

2  77 

9.  2 

'l    1 

i  10.6 

1  10.  9 

1  2.  s 
+  .  4 

1   5 
-2.  S 

1) 

3.  76 

12.5 

9.  24 

30.8 

14.09 

47.0 

2.  82 

3.  6 

I  E 

3.71 

12.  4 

8.94 

29.8 

14.47 

48.  2 

2.  so 

9.3 

+9.4 

-6.  8 

+  3.1 

-3.4 

[    \ 

4.  67 

15.6 

9.  13 

30.4 

13.  39 

44.  6 

2.  72 

9.  1 

1  37.  7 

5   '.i 

-13.  0 

H 

3.20 

10.7 

9.27 

30.9 

14.  76 

49.  2 

2.  68 

8.9 

-4.  1 

+  4.  1 

+  1.5 

17-1'. .. 

3 

3.39 

11.3 

9.70 

32.  3 

1 1   18 

47  3 

2  64 

S  S 

09 

;( 

3  33 

11  1 

9  71 

32  5 

14  11 

47  0 

9.  1 
9.1 

-2.  1 
+.9 

+  .  1 
1 

-.5 
-1.  1 

+  3.  1) 

I    " 

3.42 

11.4 

9.  74 

32!  5 

14.03 

46.  7 

2.  72 

(    K 

3.49 

11.6 

9.  16 

30.  5 

14.  50 

48.3 

2.  76 

9.2 

I  2.  9 

1  2.  3 

, 

3. 68 

12.3 

10.  75 

35.8 

12.  66 

42.2 

2.  82 

9.4 

-4.3 

-.1 

11.2 

-2.8 

1   B 

3.64 

12.  1 

11.23 

37.4 

12. 16 

40.0 

2.  87 

9.6 

-5.3 

+  4.4 

--2.  s 

-1.0 

18-U 

3 

3.  74 

12. 5 

10.76 

12.51 

41.7 

2  90 

9  7 

.09 

3 

1   C 

3  64 

12  1 

11  25 

37  5 

12  10 

40  4 

2  01 

9  7 

-5.3 
-10.2 

+4.  6 

1  1  1; 

-3.3 

— .  1; 

+.3 
-1.4 

D 

:(.  so 

11.2 

'1.25 

37.  6 

12.  43 

41.5 

2.  si; 

9.5 

I  E 

3.  51 

11.7 

10.  75 

35.  8 

12.  83 

42.  8 

2.  82 

9.4 

-6.1 

-.  1 

-2.  s 

(  A 

3.70 

12.3 

7.  94 

26.  5 

15.90 

53.0 

2.  37 

7.9 

-.s 

'1   1 

+  .',.  9 

—  2.  1 

B 

3.  63 

12.  1 

s.  r,  i 

28.  5 

15.37 

51.  2 

2.37 

7.9 

-2.  ] 

-2.4 

+  2.  4 

-2.  1 

10-U 

4 

3.72 

12.4 

8.75 

29. '.» 

15.01 

50.0 

2.42 

8.  I 

.  10 

.3 

1   c 

3.  82 

12  7 

8  77 

29  2 

14  76 

49  2 

2  57 

8  6 

+2.  i 

1 

+  .2 
+6.  3 

1  7 

D 

3.  90 

13.0 

9.  30 

31.0 

14.  14 

47.1 

2.  57 

8.6 

I  E 

3.  87 

12.9 

9.  10 

30.3 

14.  36 

47.9 

2.  58 

8.6 

+3.8 

+4.0 

-4.3 

A 

3.  87 

1  2.  9 

8.90 

29.  6 

14.  51 

48.4 

2.  61 

8.8 

1  3   s 

+.7 

-2.  7 

+8.6 

B 

3.  52 

11.7 

8.  7* 

29.3 

14.  9S 

49.  0 

2.  63 

8.8 

-5.6 

-.7 

+.5 

so-u 

4 

3.73 

12.4 

8.84 

29.5 

14.91 

49.7 

2.  43 

8.  1 

.  09 

.3 

i   C 

3  58 

11  9 

8.74 

29  1 

15  04 

50  2 

2  55 

8  5 

—  4  0 

1   1 

-1.7 

D 

3.  71 

12.  5 

8.90 

20.  (', 

14.65 

48.8 

2.  63 

8.8 

+.3 

+.7 

I   E 

3.90 

13.0 

9.37 

31.2 

13.  90 

16.  I 

2.74 

9.1 

+4.6 

+6.0 

-6.8 

H2.7 

(  A 

3.  7S 

12.6 

8.36 

27.9 

15.27 

50.  9 

2.  50 

8.3 

+  1.1 

-3.4 

-1.2 

B 

3.83 

12.8 

s.  68 

28.  9 

14.  83 

49.  4 

2.  58 

8.6 

+2.4 

+.3 

-1.1 

+2.  0 

23-U-..: 

4 

3.74 

12.5 

8.65 

28.8 

14.99 

50.0 

2.  53 

v  t 

.09 

.3  4   i 

3.84 

12.  s 

8.68 

28.9 

14.81 

48.4 

2.  50 

8.6 

+2.7 

+  .3 

-1.2 

+2.  4 

D 

3.  91, 

13.2 

s  99 

30.0 

14.36 

47.  s 

2.  00 

8.7 

+5.9 

-4.2 

I   E 

3.71 

12.  4 

8.06 

26.9 

52.0 

2.  52 

8.4 

-.8 

-6.8 

4  4.  2 

+.4 

Table  7. — Summarxj  of  variations  of  proportions  of  ingredients  in 
samples  from  actual  batch  proportions  in  tests  at  plant  2 


Kind  of  variation 

3i-inch  gravel 

H 

i-incl 

gravel 

Ingredi- 
ents 

Mixing  Urn 

i  in  minutes 

I 

2 

3 

4 

I 

2 

3 

' 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

Per- 

ce  nl 

Cl  ill 

cent 

cent 

cent 

cent 

c,  nl 

Maximum  individual  plus. 

12.4 

20.3 

21.1 

13.9 

31.7 

11.2 

37.7 

Maximum  individual  minus. 

6.4 

7.7 

5.6 

12.6 

9.1 

8.3 

10.2 

5.6 

Cement.. 

Average  plus 

6.0 

7.0 

5.1 

7.6 

13  4 

6.5 

13.0 

3.2 

Average  minus 

3.1 

4.9 

3.5 

5.3 

3.2 
4.4 

4.4 
6.6 

4.8 

8.2 

4.6 
5.4 

5.2 

s.  s 

2  7 

Average  plus  and  minus,  dis- 

3.0 

regarding  sign. 

Maximum  individual  plus. 

3.5 

5.2 



2.2 

2.4 

1  6 

6.3 

Maximum  individual  minus. 

13.  9 

- 

12    1 

5.7 

10.6 

11.  1 

6.  s 

9.4 

Sand 

Average  plus... 

2.0 

3.  1 



1.  1 

1.7 

5.8 

2.8 

2  5 

Average  minus 

4.4 

4.7 

5.  1 

2.7 

6.  1 

4.2 

1  0 

Average  plus  and  minus,  dis- 

4.1 

3.5 

5.1 

2.1 

5.3 

6.0 

3.7 

3.  1 

regarding  sign. 

Maximum  individual  plus.. 

14.  1 

6.9 

11.4 

7.2 

9.9 

10.1 

Maximum  individual  minus. 

3.1 

5.7 

.1 

4.6 

7.  7 

i,  8 

Gravel... 

Average  plus 

4.0 

4.2 

4.  1 

2.6 

5.0 

5.0 

2  s 

Average  minus.  

1.5 

2.9 

.  1 

2.8 

3.9 

6.  5 

2.2 

Average  plus  and  minus,  dis- 

3 2 

3.3 

3.8 

2.7 

4.8 

2  .'> 

regarding  sign. 

Maximum  individual  plus. . 

5.  1 

.4 

1.9 

1.8 

1.8 

1.5 

12.7 

Maximum  individual  minus. 

8.6 

6.7 

9.5 

9.7 

8   I 

2.  1 

Water 

Average  plus ... 

\   7 

3 

1   3 

1   2 

1   6 

2  V 

'■    s 

Average  minus 

4  6 

4.4 

3.4 

3.3 

5.2 

3.3 

Average  plus  and  minus,  dis- 

3.3 

3.8 

2.7 

2.6 

1  7 

2  9 

regarding  sign. 

\  an  auxiliary  chute  into  the  drum  at  the  end  of  each  of 
thfse  mixing  periods.    A  sample  weighed  approximately 

I  150  pounds  and  was  used  to  make  two  f>-  In  12-inch 
cylinders  and  one  6-  by  21 -inch  beam  and  one  slump  I 

91027—34— — 2 


Strength  specimens  were  cured  in  moist  sand  and 
were  broken  at  28  days.  Beams  were  broken  as  can- 
tilevers, two  breaks  being  obtained  from  each  beam. 
Ten  batches  with  %-inch  gravel  and  10  with  l^-inch 
gravel  were  sampled  permitting  20  compression  tests 
and  20  flexure  tests  for  each  mixing  period  for  each  size 
of  aggregate. 

Table  S  shows  the  results  of  the  strength  tests  in 
detail.  Table  9  is  a  summary  of  the  strength  results 
and  shows  data  corresponding  to  that  in  table  4  for 
plant  1.  Figure  S  shows  graphically  the  compressive 
and  flexural  strengths  for  the  individual  specimens 
made  from  each  batch  for  each  mixing  time. 

There  was  some  variation  in  the  proportions  of  the 
ingredients  in  the  differenl  hatches  of  concrete.  This 
was  (lie  result  of  the  use  of  constant  weights  in  hatching 
with  no  correction  for  variations  in  moisture  content  of 
the  aggregates.  Using  the  data  of  table  9  as  a  basis  for 
determining  the  effeel  of  the  length  of  the  mixing  time 
on  the  strength  of  the  concrete,  the  following  results 
are  shown: 

The  average  compressive  strength  of  concrete  with 
'.i-inch  aggregate,  mixed  for  4  minutes,  is  107  pounds 
or  \)  percenl  higher  than  the  corresponding  strength  of 
the  1 -minute  concrete.  The  average  compressive 
strengths  increase  with  Die  mixing  time.  The  spread 
in  strengths  for  the  four  sets  of  specimens  is  between 
520  and  1  .it  01  pounds. 

The  average  compressive  strength  of  the  4-minute 
concrete  with  l^-inch  aggregate  is  lis  pounds  or  ."> 
percent  higher  than  the  corresponding  strength  of  the 
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Gravel  at  Plant  2.     Samples  from  Kach  Batch  Arranged  in  Order  A,  B,  C,  I),  and  E. 

Table  8.     Results  of  strength  lesls  at  plant    ' 
CONCRETE  WITH   ',  INCH  COARSE  AGGREGATE 


1-minute  mixing 

2-minute  mixing 

3-minute  mixing 

4-minule  mixing 

Butch  No 

Slump 

( !ompres- 
strengl  h 

Flexural 
strength 

Slump 

( Compres- 
sive 
strength 

Flexural 
strength 

Slump 

Compres- 
sive 
strength 

Flexural 
strength 

Slump 

Compres- 
sive 
strength 

Flexural 
strength 

1 

Inches 
6 

1 'mi  mix  pi  i 

Sq  ii  ii  ir  inch 

2,  170 

2,  350 

Pounds  per 

square  inch 

436 

155 

Inches 

7 

.11, 
<•'■■ 

Pun  nils  per 

square  inch 

2,410 

2,  320 

rounds  pel 

square  inch 
529 
520 

Inches 

7}-. 

m 

6 

Pounds  per 

square  inch 

2,  L90 

2,220 

rounds  per 

square  inch 

519 

528 

Inches 

7 

6 

V/2 

6 

Pounds  per 

square  inch 

2,380 

2,  4 10 

Pounds  per 

square  inch 

455 

478 

erage . .  _ 

2,  260  '                 445 

524 

2,205 

523 

2    110 

467 

2 

2,310 
2,510 

426 
182 

2,690 
2,640 

422 

461 

442 

2,550 
2,370 

449 
435 

2,400 
2,550 

385 

154 

Average              . 

2,  11(1 

454 

2,  665 

2,460 

442 

2,475 

420 

3 

2,410 
2,320 

43S 
482 

2,400 
2.260 

454 
422 

1,790 
1,910 

428 

423 

Average 

2,  365 

inn 

2,  330 

438 

1,850 

425 

i.      . 

2,  150 
2,  160 

142 

llll 

2.  330 

2,  130 

451 
486 

2,  570 
2,380 

424 

495 

2,430 
2,640 

486 

474 

A  verage 

2,  155 

2,  230 

468 

2.  17.-. 

460 

2,535 

480 
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Table  8. — Results  of  strength  tests  at  plant  2 — Continued 
CONCRETE  WITH  ;i-INOII  COARSE  AGGREGATE   -Continued 


1 

minute  mixing 

2-minute  mix 

'IB 

3-minute  mixing 

4-minute  mixing 

Batch  No. 

Slump 

Compres- 
sive 
strength 

t  lexural 
strength 

Slump 

Compres- 
strength 

Flexural 

i rcngth 

Slump 

< !ompres- 

sive 
strengl  h 

E  lexural 
strength 

1 'nil  nils  pel 

squari  inch 
456 
444 

Slump 

( !ompre 

i 
strength 

l  lexural 
ength 

6 

Inches 

1 

8 
7 
S 

7 

w 

Pounds  pi  r 

squnn  inch 

'J. 'J  10 

Pounds  per 

.i(i ii art  inch 
528 

Inches 
8 

9 

I 'omuls  per 

squari  inch 

2,  380 

2,  100 

Pounds  pei 

square  inch 

390 

470 

Inches 
63  i 

-\ 

1 

m 

7'  2 

1 'mi  mix  /a  i 

si/ li n ii   inch 

2,  120 

2,  340 

Inch  is 
6 

Pounds  pit 

squari  inch 

2,390 

2,510 

1 'on  nils  pi  r 

square  inch 

117 

2,  100                  448 

469 

2,305  |                488 

2.  'Jin 

433 

180 

150 

2,450 

143 

13 __. 

2,050 
1.  930 

546 
530 

2,  160 
2,  150 

482 

479 

140 
2.  350 

520 
51 12 

2,230 
2,  350 

I7( 

478 

1,990 

538 

2,  155 

481 

2,345                  511 

2,290 

177 

14 

2,500 
2,  490 

521 
530 

2,250 
2,  1 40 

505 
538 

190 

510 
521 

V, 

141 

496 

2,495 

525 

2,  L95 

522 

2,385 

2,660 

471 

15 

2,310 
2,  420 

4X1 
463 

2,  350 
2,  170 

408 
411 

2,  090 

2,  111) 

402 

427 

2,  830 
2,690 

395 

155 

2,365 

472 

.',  110 

110 

2,  250 

415 

2,  700 

425 

18 

1,980 

2, 

513 

531 

1,940 

2,  170 

410 
166 

2.  190 
2,050 

440 
468 

2,270 
2,  390 

455 

437 

1,995 

522 

438 

2,  120 

154 

2    130 

146 

19 

1.940 
1.890 

382 

451 

1,980 
1.950 

418 
464 

2,230 
2.  160 

430 
426 

2,310 
2.  310 

458 

496 

Average 

1.915 

408 

1,965 

441 

2,  195 

128 

2,310 

2,210 

477 

16 

465 

164 

2,  407 

453 

CONCRETE  WITH  lJ^-INCH  AGGREGATE 


5 

8?4 

n 

8 
8 

Vi 
8^ 

9 

1,780 
2,  130 

513 
448 

m 

<■'■• 

8 

7', 
8 

9 

2,  290 
2,  230 

487 
545 

"'4 

7'., 

o', 

m. 

6 

8 

2,  210 
2,  190 

433 
473 

8 
6 

IS 

>h 

6]  ■.. 

'>'-,■ 

l34 

H'A 

2,  180 
2,  280 

127 

453 

1,955 

481 

2,260 

516 

2,200 

453 

2,380 

440 

7 

2,  130 

447 

4H3 

2,  390 
2,510 

450 
493 

2.  520 
2,  520 

179 

III! 

_'.  130 

165 

,00 

475 

2,  150 

3, 090 
3,060 

3,075 

171 

2.  520 

160 

8 

3,  210 

3,  1  10 

490 
559 

.   0 
2,640 

190 

507 

198 

3,020 

5.020 

3,020 

2.570 
2,520 

2.515 

521 

172 

3,  175 

524 

2,  705 

188 

198 

9 

!30 

2.  110 

185 
462 

!,    Nil 

2,  110 
2,  350 

424 

177 

451 

2,  160 

', 

2,  565 

530 
119 

190 

391 
145 

Wera  • 

2,  170 

173 

1  :<] 

10.. 

2,500 
2,560 

180 

451 

2  690 
2,  720 

153 
512 

2,810 
3,030 

142 

523 

159 

171 

Average 

2,  530 

165 

2,  705 

183 

2,  920 

182 

2,990 

167 

11 

2,  710 

2,  680 

167 
165 

2,950 
2,890 

480 
532 

2,910 

2,  750 

ivy 
171 

2,870 

2.95H 

2,910 

164 

464 

2,695 

166 

2,  920 

506 

-   , 

178 

12 

2.630 
2,  770 

482 

177 

2,  780 
2,  550 

463 
193 

2,  440 
2,610 

is:. 

173 

2,410 

173 

Average -. 

2,700 

470 

478 

179 

2,640 

120 

16 

3,  110 

I    I  | 

530 

515 

2,  150 
2,  620 

459 
163 

2.790 

1  3 
513 

11 
2,840 

502 

197 

Average -. 

3,215 

522 

2.  535 

161 

2.  7111 

v.- 

500 

17 

2.9011 
:  240 

468 
511 

2,940 

I  g 

2.  170 
2,780 

1  : 
173 

3,  240 

\\rrage 

3,100 

190 

160 

2,  625 

153 

3,  1 15 

20 

1,730 

1.850 

408 
401 

'| 
2  090 

171 
483 

•    160 
2.  170 

143 

170 

2.  250 

Average 

1,790 

l.:l 

177 

2.  165 

li.ii 

2.  130 

Grand  average 

2,  592 

481 

478 

168 

2.710 
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15-U 
I  MINUTf 


16  II 


21  U 


Z2-U 

MINUTI  5 


?VU 


1/,-U 


23-U 


17-U  18-U  I9U  20-U 

3  minutes  4  minutes 

Percentage  Variations  of  Materials  in  Samples  from  Batch  Proportions  as  Found  in  Tests  Using  1}4-inch 
(Iravel  at  Plant  2.     Samples  from  Each  Batch  Arranged  in  Order  A,  B,  C,  D,  and  E. 


L -minute  concrete.  With  the  exception  of  the  2-minute 
concrete  the  average  compressive  strengths  increase 
with  the  mixing  time.  The  spread  in  strengths  for  these 
four  sets  of  specimens  is  between  860  and  1,590  pounds. 
The  average  flexural  strength  of  the  4-minute  concrete 


with  %-inch 


is  5  pounds  or  24  percent  lower 


than  the  corresponding  strength  of  the  1 -minute  concrel  e 
These  average  flexural  strengths  decrease  as  the  mixing 
time  increases.  The  spread  in  strengths  for  these  four 
sets  of  specimens  is  between  11 1  and  164  pounds. 

The  average  flexural  strength  of  the  4-minute  con- 
crete with  1%-inch  aggregate  is  26  pounds  or  5  percenl 
lower  than  the  corresponding  strength  of  the  1 -minute 
concrete.     These  average  flexural  strengths  decrease  as 


the  mixing  time  increases.  The  spread  in  strengths 
for  these  four  sets  of  specimens  is  between  107  and  157 
pounds.  These  results  indicate  that  the  length  of 
the  mixing  time  had  no  appreciable  effect  on  the  strength 
of  the  concrete. 

LESS  GRINDING  OF  FINE  AGGREGATE  IN  TESTS  AT  PLANT  2 

The  grinding  of  the  coarse  aggregate  during  the  mix- 
ing action  so  that  it  passed  the  no.  100  sieve  was  negli- 
gible. The  amount  of  fine  aggregate  passing  the  no. 
1 00  sieve  before  entering  the  mixer  and  the  amount  of 
fine  aggregate  passing  this  sieve  after  the  concrete 
had  been  mixed  for  each  of  the  four  mixing  periods  are 
shown  below. 
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Figure  7. — Percentage  Variations  of  Materials  from   Batch  Proportions  Computed  for  Assumed  Samples  Composed 

of  Five  Samples  from  Each  Batch. 


Table  9. — Summary  of  results  of  strength  lists  at  plant   ! 
CONCRETE  WITH  JMNCH  AGGREGA  I  I  CONCRETE  WITH   i'i-l\<   II   AGGREGATE 


Mixing  time 
(minutes) 


l 

2 
3 

4 


Compressive 


Maxi- 
mum 
indi- 
vidual 


Pounds 
per 

square 
inch 
2,  510 
2,690 
2,570 
2,830 


Mini- 
mum 

indi- 
vidual 


Pounds 
l"  i 

sguart 
inch 
1,890 
1,940 
2, 050 
1,  790 


Maxi- 
mum 
pread 


i 
per 

sq  ii  mi: 

inch 
620 

750 
520 

1.040 


Aver- 
age 


Pounds 

per 

squan 

inch 

2,  210 

2,315 

2,  107 


Flexural    "• 


Maxi- 

Mini 

mum 

mum 

indi- 

indi- 

v idual 

vidual 

Pounds 

Poundi 

per 

PIT 

square 

SI/ II II II 

inch 

inch 

546 

382 

390 

528 

402 

496 

- 

Maxi- 
mum 
spread 


Wei 
age 


Pound 

per 
squan 
inch 
164 
lis 
120 
111 


Pounds 

i"  i 

.square 
inch 
177 
465 
164 
i  . 


<  ompressive  strei 

Flexural  strength 

Mixing  time 

(miii!. 

Maxi- 
mum 

indi- 
vidual 

Mini- 
mum 
indi- 
\  idual 

'-1 

iiiiiiii 
spread 

\  \  ei 

i 

Maxi- 
mum 

indi- 
vidual 

Mini- 
mum 
indi- 

\  idual 

.Maxi- 
mum 

1 

Pounds 
per 

square 
inch 
3,320 

1,090 
3,  240 

Pounds 

per 
squan 

/in  h 

1.730 

2,090 

2,030 

1 'mi  nits 

/'" 

square 
inch 

SMI 

:  ii  iii 
1,210 

Pun  mix 

squan 
inch 
2,  592 

2,710 

Pounds 

pir 

sq  ii  an 

inch 

545 
530 
524 

■' 

per 
squan 

inch 

i  is 
424 
Iii 
307 

1 

pir 
squan 
inch 
151 
121 
107 
157 

Pounds 

2 

178 

3 

168 

4 

455 

230 
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Figure  8. — Compressive  and  Flexural  Strengths  Averaged  by  Batches  for  All  Batches  Tested  for  Strength 

Plant  2. 
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CONCLUSIONS 

The  following  conclusions  are  based  on  the  results  of 
these  tests: 

1.  Standard,  revolving  drum,  batch  mixers  do  not 
mix  concrete  so  that  the  cement,  aggregates,  and 
water  are  uniformly  distributee!  throughout  all 
parts  of  the  batch. 


2.  The  degree  of  uniformity  of  distribution  of  the 

ingredients  is  not  materially  changed  by  changes 
in  the  mixing  time  from  1  to  4  minutes. 

3.  The  length  of  the  mixing  time  between  1  and  4 

minutes  appears  to  have  little  effect  on  the 
strength  of  concrete  as  mixed  in  standard,  re- 
volving drum,  batch  mixers. 

4.  Standard,  revolving  drum,  batch  mixers  act  as  a 

ball  mill  in  reducing  the  size  of  particles  of  the 
fine  aggregate. 

5.  The  amount  of  grinding  of  fine  aggregate  so  that 

it  passes  the  no.  100  sieve  increases  with  the 
length  of  the  mixing  time. 


FURTHER  TESTS  OF  COTTON  MATS  FOR 

CURING  CONCRETE 


BY  THE  DIVISION  OF  TESTS,  BUREAU  OF  PUBLIC  ROADS 


In  the  report  on  the  studios  of  the  use  of  cotton  mats 
for  curing  concrete  pavements,  which  was  published  in 
the  July  1933  issue  of  Public  Roads,  it  was  suggested 
that  mats  of  the  type  described  might  be  effective  as  a 
protection  against  freezing  during  sudden  drops  of  air 
temperature  such  as  occur  overnight  at  certain  seasons 
of  the  year. 

During  the  past  winter  several  sets  of  observations 
were  made  at  the  Arlington  Experiment  Farm  which 
throw  some  light  upon  the  effectiveness  of  cotton  mats 
of  various  thicknesses  when  used  for  this  purpose. 

A  number  of  small  6-inch  concrete  slabs  were  cast 
with  their  upper  surfaces  level  with  the  surface  of  the 
ground.  In  the  center  of  the  upper  surface  of  each 
slab  a  copper  constantan  thermocouple  was  embedded 
at  a  depth  of  one-fourth  inch.  One  of  these  slabs  was 
left  uncovered  while  others  were  covered  with  cotton 
filled  mats  of  the  following  weights: 

Apfrozi- 

male  weight 

of  cotton 

filler  In 

ounces  pel 

Designation:  square  yard 

A 10 

B 30 

C 00 

D 90 

E _  110 

F 170 

COTTON   MATS  GIVE  EFFECTIVE  PROTECTION  DURING  SHORT 
FREEZING  PERIODS 

The  mats  were  made  of  cotton  fiber  held  in  place 
between  sheets  of  loosely  woven  covering  cloth  by 
stitching  or  tying.  The  mats  designated  as  D,  E,  and 
F  were  the  3-,  6-,  and  9-ply  mats  referred  to  in  the 
previous  report. 

The  slabs  were  3  feet  square  and  the  covering  mats 
were  made  5  feet  square  in  order  that  they  might  extend 
beyond  the  slab  edges  and  thus  avoid  the  possibility  of  a 
circulation  of  air  between  the  mats  and  the  concrete 
slabs. 

In  addition  to  the  slabs  covered  with  the  cotton-filled 
mats,  and  the  bare  slab  for  comparative  purposes,  one 
slab  was  covered  with  a  double  thickness  of  dry  burlap, 
one  with  2  inches  of  dry  earth,  and  one  with  4  inches  of 
dry  loose  straw.  Apparatus  was  placed  to  determine 
the  temperature  of  the  subgrade  12  inches  below  the 
bottom  of  the  bare  slab. 

The  data  obtained  during  three  periods  of  observa- 
tion at  times  when  relatively  large  drops  in  temperature 
occurred  are  shown  in  figures  1  to  4,  inclusive.  The 
air  temperature  fell  below  32°  F.  on  only  one  of  these 
occassions.  Figures  1  to  3  show  the  temperature  cj  ch 
of  the  air,  the  subgrade,  the  bare  slab,  the  straw  -co-  red 
slab,  and  the  slabs  covered  with  the  lightest  and  hea  \  test 
weights  of  cotton-filled  mats.  Because  of  the  close 
grouping  of  the  temperatures  of  all  of  the  slabs  covered 
with  the  cotton-filled  mats  the  data  for  the  inter- 
mediate weights  of  mats  have  been  omitted.  1 1  will 
be  noted  that  the  difference  in  temperature  beneath 
the  heaviest  and  the  lightest  mats  at  no  time  exceeded 
2°  F. 
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Figure  1. — Variations  in  Air  Temperature  and  Correspond- 
ing Temperatures  of  Slabs  with  Different  Protective 
Coverings. 

The  observations  made  on  December  S  and  9,  1 !»:;:;. 
were  terminated  by  rain  which  began  at  about  5  a.  m., 
but  on  the  other  two  occasions  the  observations  covered 
a  full  24-hour  period. 

Figure  4  shows  a  comparison  between  the  tempera- 
ture cycles  of  the  slabs  covered  with  the  light  est  weighl 
of  cotton-filled  mat,  2  inches  of  dry  earth  and  dr\ 
double  burlap  during  the  same  period  as  was  shown  in 
figure  2,  the  data  being  separated  for  clarity  of 
presentation. 

A  concrete  pavement  can  acquire  or  lose  beat  in 
either  of  two  directions.  The  lower  surface  is  in 
intimate  contact  with  the  earth  of  the  subgrade  while 
the  upper  surface  is  ordinarily  in  direct  contact  with 
the  air.  The  temperature  of  the  subgrade  undergoes 
annual  and  diurnal  cycles  of  change  similar  to  those  of 
the  air  but  of  lesser-  magnitude.  In  the  daily  changes 
there  is  a  considerable  lag  resulting  from  the  low  ther- 
mal conductivity  of  the  pavement.  The  lag  is  evident 
in  all  of  the  data,  the  temperature  of  the  subgrade 
rising  to  a  maximum  a1  about  the  time  that  the  air 
temperature  has  fallen   to  its  minimum  value. 

If  a  protective  cover  for  a  pavement  slab  is  to  be 
effective  in  pre^  enting  freezing  of  the  concrete  during 
sudden  drop  in  air  temperature,  two  conditions  musl 
obtain:  First,  the  subgrade  must  have  a  temperature 
sufficiently  above  the  freezing  point  of  the  concrete  to 
provide  a  How  of  heat  from  the  subgrade  to  the  -lab: 
and  second,  the  protective  cover  on  the  pavement  must 
provide  sufficienl  insulation  in  insure  that  the  heat 
will  not  be  dissipated  from  the  slab  surface  more 
rapidly  than  it  is  received  from  the  subgrade.  It  is 
apparent     that     the     absolute     amount     of    insulation 
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□ o-LIGHTEST  WEIGHT  MAT  » "-HEAVIEST   WEIGHT    MAT 

A — A-4INCH    LAYER    OF   DRY    LOOSE    STRAW 

Figure  2.-  -Variations  in  Air  Temperature  and  Correspond- 
ing; Temperatures  of  Slabs  with  Different  Protective 
<  !overings. 
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Figure  3. — Variations  in  Air  Temperature  and  Correspond- 
ing Temperatures  of  Slabs  with  Different  Protective 
Coverings. 


-LIGHTEST    WEIGHT    MAT 

+ +-2  inches  earth  (practically  dry) 

Figure  4. — Variations  in  Air  Temperature  and  Correspond- 
ing Temperatures  of  Slabs  with  Different  Protective 

Coverings. 

required  to  accomplish  this  is  not  a  constant  but  will 
depend  upon  the  temperature  differential  existing 
between  the  two  sides  of  the  protective  cover. 

In  pavement  construction  it  is  not  the  usual  practice 
lo  place  concrete  on  frozen  ground,  during  freezing 
weather,  or  even  when  freezing  temperatures  are 
anticipated.  It  is  to  guard  against  damage  due  to  an 
overnight  drop  in  air  temperature,  from  a  level  of 
possibly  40°  or  .50°  F.  to  one  of  20°  or  25°  F.  that 
protective  covers  are  most  often  needed.  Ordinarily 
the  temperature  of  the  subgrade  is  considerably  above 
freezing,  the  difference  between  the  air  and  pavement 
temperatures  is  not  large  (from  an  insulation  require- 
ment standpoint  at  least)  and  the  duration  of  the  sub- 
freezing  air  temperature  is  not  protracted.  For  these 
reasons  the  requirements  for  insulation  efficiency  are 
not  severe.  These  facts  are  rather  obvious  but  it  is 
well  to  bear  them  in  mind  when  examining  the  data 
shown  in  the  accompanying  figures. 

Probably  the  most  striking  indication  of  these  data 
is  that  for  overnight  drops  in  temperature  where  a  rise 
on  the  following  day  is  to  be  expected,  there  is  but  little 
difference  between  the  protection  afforded  by  the 
lightest  and  heaviest  of  the  cotton-filled  mats.  Both 
are  apparently  effective  in  holding  the  slab  temperature 
near  the  temperature  of  the  subgrade  during  the  period 
of  minimum  air  temperature.  It  is  also  indicated,  as 
would  be  expected,  that  in  case  of  a  protracted  period 
of  subfreezing  air  temperatures  neither  mat  would 
provide  sufficient  insulation  to  hold  the  temperature  of 
the  slab  and  of  the  subgrade  above  the  freezing  point. 

It  is  interesting  to  note  the  similarity  of  the  temper- 
atures of  the  slabs  covered  with  the  cotton-filled  mats 
with  those  of  the  slab  covered  with  4  inches  of  dry, 
loose,  strawT.  Although  the  differences  are  small  it  will 
be  noted  that  the  straw  cover  is  consistently  more 
effective  than  the  lightest  weight  mat  and  less  effective 
than  the  heaviest  mat. 
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Figure  5. — Comparative   Flextjral  Strengths   of    Mortar 
Specimens  Cured  under  Burlap  and  Cotton  Mats. 

Figure  4  shows  data  obtained  on  January  15  and  lfi, 
1934,  in  addition  to  those  shown  in  figure  2.  These 
permit  a  comparison  of  the  lightest  weight  cotton-filled 
mat,  a  covering  of  dry  double  burlap,  and  a  2-inch  layer 
of  earth  which  was  practically  dry.  All  of  these  cov- 
erings give  some  degree  of  protection,  the  lightest  weight 
mat  being  the  best  of  the  three.  It  is  apparent  from 
figures  2  and  4  that  4  inches  of  dry  loose  straw  is  a 
better  insulator  than  2  inches  of  earth.  The  two  sheds 
of  dry  burlap  offer  more  protection  than  the  earth  and 
less  than  the  cotton-filled  mats.  The  burlap  used  was 
a  good  grade,  rather  heavy-weight  material  and  was 
practically  new.  Being  dry,  there  was  a  relatively 
large  amount  of  entrapped  air  among  the  fibers.  Had 
this  air  been  replaced  by  moisture  it  is  probable  that 
the  effectiveness  of  the  burlap  cover  would  have  been 
greatly  reduced.  No  data  covering  this  poinl  were 
obtained. 

These  few  tests  do  not  provide  a  basis  for  definite 
conclusions  but  it  is  indicated  that,  for  an  overnight 
drop  of  air  temperature  to  below  32°  F.,  a  considerable 
amount  of  protection  against  damage  from  freezing  can 
be  afforded  a  concrete  paving  slab  by  covering  with  a 
cotton-filled  n  at  of  relatively  light  weight. 

specimens  tested  for  strength  and  moisture  loss 

In  addition  to  the  insulation  tests,  two  series  of  tests 
were  run  to  detern  ine  the  flexural  strength  at  28  days 
of  mortar  specimens  cured  for  3  days  under  cot  1 1  n  mats 
of  various  thicknesses  as  eon  pared  to  the  strength  of 
similar  specimens  cured  for  3  days  under  a  double 
thickness  of  burlap  kept  continuously  wet.  Measure- 
ments of  the  gain  or  loss  in  moisture  of  the  specin  ens 
at  the  end  of  3  days  curing  as  compared  to  the  original 
water  content  were  also  made.  In  one  series  the  cot- 
ton mats  were  applied  dry,  while  in  the  other  they  were 
thoroughly  wet  on  one  side  and  then  applied  with  the 


140 


120 


-BURLAP,   KEPT   WET   3  DAYS 


-COTTON     MATS,  APPLIED    DRY 


(-COTTON     MATS,   SPRINKLED    AND 
APPLIED   WET    SIDE    DOWN 


S- 


n 


, 


T7 

- 

Jl 


i 


A 


BCD 
IDENTIFICATION 


Figure    (i. — Comparative    Moisture    Contents    of    Mortar 
Specimens  after  3  Days  Curing  under  Burlap  and  Cotton 

Mats. 

wet  side  in  contact  with  the  specimen.  Wetting  was 
done  by  means  of  a  spray  applied  to  one  side  of  the 
mat  continuously  for  10  minutes.  The  test  procedure 
was  identical  with  that  employed  in  the  tests  reported 
last  year  and  was  briefly  as  follows: 

The  specimens  were  of  1  :2  mortar,  by  weight,  con- 
taining 14  percent  water.  They  were  cast  in  water- 
tight molds,  11  inches  in  length,  Q}i  inches  in  width, 
and  2  inches  in  thickness.  The  burlap  and  cotton  mats 
were  applied  aboul  '_"  hours  after  molding.  At  the 
end  of  3  days  the  mats  were  removed  and  the  specimens 
allowed  to  cure  in  the  air  of  the  laboratory  until  the  age 
of  26  days,  alter  which  they  were  imn  ersed  in  water  for 
2  days  and  then  tested  for  flexural  strength. 

For  each  series,  three  rounds  of  tests  were  run  so  that 
each  result  as  shown  in  figures  5  and  6  is  the  average 
of  three  detern  inations,  except  in  the  ease  of  the  burlap 
cured  specin  ens  where  the  values  shown  represent  the 
average  of  6  specimens,  3  for  each  series. 

DISCI  SSION 

The  chief  purpose  of  these  tests  was  to  con  pare  the 
curing  efficiency  of  the  thinner  n  ats  with  the  con  para- 
tivelj  heav\  mats  (3-ply  and  over)  originally  proposed 
for  this  purpose.  Referring  to  figure  5  which  shows  the 
results  of  the  strength  tests,  it  will  be  observed  thai  in 
all  cases  specimens  cured  with  dry  mats  showed  appre- 
ciably lower  strengths  at  28  days  than  those  cured 
under  the  wet  burlap.  The  average  strength  for  all 
specimens  cured  under  dry  n  ats  is  roughh  88  percenl 
of  the  strength  of  specimens  cured  by  the  standard 
method,  which  checks  approxin  ately  the  results  previ- 
ously obtained. 

The  reason  for  the  lower  strengths  is,  of  course,  the 
u  oisl  ure  loss  suffered  by  the  specimens  during  t  lie  3-day 
curing  period.     These  moisture  losses,  shown  graphic- 
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ally  in  figure  6,  average  approximately  7  percent  of  the 
original  water  content.  On  the  other  hand,  the  speci- 
mens cured  for  3  days  under  wet  burlap  showed  an  in- 
crease in  moisture  content  of  about  5  percent,  indicating 
that  water  was  taken  up  by  the  specimens  during  tlus 
period.  It  may  be  noted  also  that  the  very  thin  mat- 
designated  A,  seemed  somewhat  less  effective  in  retain, 
ing  water  than  the  others. 

In  the  case  of  the  mats  which  were  thoroughly  wet 
before  application,  the  specimens  developed  an  average 
strength  at  28  days  approximately  ecpial  to  that  of  speci- 
mens cured  by  the  standard  method.  The  thinnest  mats 
(A  and  B)  resulted  in  slightly  lower  strengths,  while  in 
the  case  of  the  thickest  mats  (E  and  F)  the  strengths 
were  slightly  above  the  standard.  The  differences  in 
strength,  however,  were  not  great  and  the  apparent 
trend  may  be  accidental. 

The  only  specimens  to  show  any  moisture  loss  under 
the  wet-mat  curing  were  those  covered  by  the  thinnest 
mat  designated  A.  In  all  other  cases  the  specimens 
showed  a  gain  in  moisture  content,  averaging  about  2 
percent,  or  about  3  percent  less  than  the  standard  bur- 
lap-cured specimens.  Therefore,  from  the  standpoint 
of  the  effect  of  moisture  retention  on  strength,  there  is 
no  reason  to  expect  a  higher  strength  for  any  of  the 
specimens  cured  with  wet  mats  than  was  shown  by  the 
burlap-cured  specimens. 

The  differences  in  strength  shown  by  the  specimens 
cured  with  wet  mats,  with  the  possible  exception  of  i  he 
strength  of  those  cured  with  mat  A,  are  not  thought  to 


be  significant.  In  this  case  of  mat  A  a  very  small  water 
loss  was  recorded.  It  is  probable  that  if  the  two  thin- 
nest mats,  A  and  B,  had  been  kept  continuously  wet 
during  the  3-day  curing  period,  strengths  at  least  as 
high  as  the  standard  would  have  been  obtained. 

In  any  event,  the  differences  are  not  great  enough  to 
affect  the  conclusion  that,  within  the  limits  of  these 
tests,  substantially  the  same  results  are  obtained  with 
the  various  thicknesses  of  cotton  mats  as  with  the  wet 
burlap,  provided  the  mats  are  wet  when  applied. 
However,  it  should  be  remembered  that  these  tests 
were  conducted  in  the  laboratory  and  not  under  field 
conditions.  Had  the  mats  been  subjected  to  the  direct 
rays  of  the  sun  it  is  quite  possible  that  the  thinnest 
mats  would  have  permitted  a  higher  moisture  loss  than 
was  noted  in  the  laboratory.  Under  these  conditions 
the  strengths  would  probably  have  been  lower  than 
was  shown  by  the  tests. 

In  view  of  this  possibility,  it  is  recommended  that 
such  mats  be  used  only  under  the  conditions  specified 
for  burlap;  that  is,  kept  continuously  wet  during  the 
3 -day  curing  period. 

With  these  limitations  in  mind,  these  tests  substan- 
tiate the  previously  published  conclusion  to  the  effect 
that  cotton  mats  of  the  thicknesses  and  weights  shown, 
if  wet  once  and  applied  with  the  wet  side  down,  are  as 
effective  in  curing  as  a  double  thickness  of  burlap  kept 
wet  continuously  for  3  days  and  also  that  mats  applied 
dry  are  less  effective  than  either  the  wet  mats  or  the 
burlap. 
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SOIL  TESTS  USEFUL  IN  DETERMINING 
QUALITY  OF  CALICHE 


Reported  by  H.  S.  GILLETTE,  Materials 

THE  TERM  "CALICHE",  as  used  in  the  United 
Sinics,  is  applied  to  a  group  of  formations  consist- 
ing principally  of  calcium  carbonate  and  silica  but 
containing  some  alumina,  iron  and  magnesium  carbon- 
ate. Formations  occur  locally,  in  relatively  thin  beds 
in  solid  or  powdered  form,  but  usually  consist  of  clays 
and  sands  more  or  less  thoroughly  cemented  by  calcium 
carbonate,  or  of  gravels  or  breccia  so  cemented,  into 
caliche  conglomerate. 

They  have  been  found  and  developed  as  road  ma- 
terial,1 in  extensive  areas  of  the  semiarid  regions  of 
the  southwest,  notably  in  Arizona,  New  Mexico, 
northwestern  Oklahoma,  and  western  and  southern 
Texas. 

They  are  frequently  described  as  being  both  cal- 
careous and  siliceous.  The  latter  term  arises  apparent- 
ly from  chemical  analyses  which  do  not  distinguish  the 
cementing  material  from  the  chemical  content  of  sili- 
ceous particles  of  clays  or  sands  which  form  the  base  for 
cementation.  However,  one  deposit  in  Texas  is 
reported  definitely  as  having  silica  alone  as  the  cement- 
ing material. 

The  caliches  of  the  United  States  are  not  related, 
unless  in  general  appearance,  to  the  nitrate  deposits  of 
Chile,  to  which  the  term  caliche  was  originally  applied. 

Geologically,  our  caliche-  are  superficial  formations, 
varying  from  beds  of  incoherent  powder  to  those  of  very 
considerable  hardness  and  a  corresponding  high  degree 
of  cementation.  They  have  limited  continuity  and  arc 
local  in  extent,  but  are  of  widespread  occurrence. 
They  vary  in  thickness  from  a  few  inches  to  60  feet  or 
more.  Occasionally  they  are  surface  deposits,  exposed 
by  the  erosion  of  wind  or  water,  or,  quite  rarely,  arc 
products  of  evaporation  of  standing  bodies  of  water. 
Their  origin  has  been  carefully  studied  and  described 
by  -I.  E.  Breazeale  and  II.  Y.  Smith. - 

Most  caliches  have  been  formed  at  various  depths 
beneath  the  surface  and  originate  probably  through 
evaporation  of  ascending  or  descending  waters,  the 
former  frequently  being  the  result  of  capillarity. 

The  following  conclusions  are  from  the  bulletin  cited: 

1.  Caliche,  wherever  found  in  Arizona,  was  formed  by  the 
olution,  transportation,  and  precipitation  of  calcium  carbonate. 

2.  Water,  when  charged  with  carbon  dioxide,  dissolves  calcium 
arbonate  and  forms  calcium  bicarbonate.  The  calcium  bi- 
carbonate is  carried  in  solution  and  is  precipitated  as  calcium 
farbonate,  or  caliche,  when  the  water  i-  evaporated,  or  when 

here  is  a  relief  in  pressure,  w  hich  drives  oil'  carbon  dioxide. 
I    3.   Caliche  strata  may    be  formed   beneath   the  surface   ol    a 
oil,  either  by  the  evaporation  of  descending  surface  water  or   by 
fhe  evaporation  of  ascending  ground  water. 

4.  Caliche  may  be  formed  in  a  soil  by  means  of  plant  roots. 
Plants  growing  upon  the  surface  absorb  soil  water  for  transpiration 
mrposes,  and  the  calcium  carbonate  thai  is  dissolved  in  the  soi' 
olution  is  precipitated  as  caliche. 

1  5.  As  long  as  they  are  permeable  to  wafer,  calicl  e  strata  will 
novo  downward  in  a  -oil  as  fast  a-  erosion  ren.o\  es  I  he  upper  soil 
urface. 


\ '  See  Caliche  as  a  Surfacing  Material,  by  L.  C.  Campbell,  Western  Highways 
«uilder  April  1929.  A  number  of  articles  on  this  subject  have  been  published  m 
ighwai  journals  of  the  Southwestern  stales,  and  in  oilier  technical  magazines.  A 
nrtial  bibliography  is  appended  to  the  report  of  J.  F.  Breazeale  and  II.  \  .  smith, 

ted  below. 

I 'Bulletin  No.  131  of  the  Agricultural  Experiment  Station.  Colli  culture, 

Diversity  of  Arizona. 

n7556— 34- 1 


Engineer,  District  6,  Bureau  of  Public  Roads 

G.  Caliche  probably  is  formed  upon  the  il  by  the 

evaporation  of  surface  or  flood  water.  The  formation  under  such 
conditions  is  hastened  by  the  presence  of  algae  and  other  water 
plants. 

CALICHES  VARY  IN  CHARACTERISTICS 

Generally,  caliche  is  white  in  color.  In  specific  in- 
stances, however,  this  white  color  may  blend  to  a  light 
pink,  a  light  purplish  red,  a  dark  gray,  a  light  brown,  or 
a  light  ocher-yellow  color.  Usually,  however,  these 
colors  bleach  out  under  the  effect  of  moisture  and  climate 
when  left  for  any  length  of  time  on  the  surface. 

The  chemical  constituents  of  caliche  vary  consider- 
ably. This  is  because  the  composition  of  a  deposit  de- 
pends upon  the  type  of  material  in  which  precipitation 
took  place,  or  upon  the  chemical  nature  of  the  salts  in 
the  ground  water  solution,  or  both.  In  Texas,  tin 
caliches  in  which  silica  or  calcium  carbonate  is  the 
predominating  constituent  are  the  ones  most  widely 
distributed  and,  by  reason  of  this  widespread  distribu- 
tion, are  the  ones  more  largely  used.  However,  other 
caliches,  of  a  different  type  from  a  chemical  standpoint, 
are  available  in  restricted  areas. 

Outside  of  Texas  there  are  materials,  locally  defined 
as  caliche,  with  other  cementing  mediums.  In  the 
Imperial  Valley  of  California  a  so-called  deposit  of 
"caliche"  occurs  which  consists  of  a  gravel  conglomerate 
cemented  with  sodium  chloride.  In  Chile  the  so-called 
caliches  are  cemented  with  sodium  nitrate — the  Chilean 
saltpeter  of  commerce. 

Caliches  used  in  highway  construction  may  be  classi- 
fied under  three  general  types,  according  to  hardness: 

1.  Flourlike  caliche. — This  type  consists  of  a  fine 
sand  loosely  cemented  with  a  line  impalpable  powder 
which,  according  to  chemical  analyses,  is  composed 
principally  of  silica  or  calcium  carbonate.  Such  caliche 
may  be  handled  or  loaded  in  the  pit  without  plowing 
or  mechanical  breaking  of  any  kind.  It  may  be  scraped 
to  a  loading  platform;  may  be  loaded  into  wagons  or 
trucks  with  an  elevating  grader:  or  may  be  loaded  into 
wagons  or  trucks  by  laborers  with  shovels  withoul 
previous  mechanical  manipulation. 

2.  Semihard  caliche.  rJ  nis  type  consists  of  cemented 
areas  interspersed  with  the  flourlike  caliche.  Beds  of 
this  nature  have  to  be  broken  up  with  a  hard  steel  plow 
or  hard  steel  rooter  before  the  material  can  he  loaded 
into  trucks  or  wagons.  Formations  can  be  broken  up 
•mil  loaded  with  a  steam  shovel.  When  placed  on  the 
subgrade  of  a  road  the  large  and  semihard  lumps 
u-!i'ill\    have  to  he  broken  up  with  mauls  or  hammers. 

:->.  Hard  caliche.-  This  type  consists  of  w  ell-cemented 
strata  or  conglomerate  area-  that  have  to  be  blasted 
with  powder  or  dynamite,  and  broken  into  lumps  of 
variable  size  before  the  material  can  be  loaded  from 
the  pit.  Usually  it  must  he  run  through  a  crusher 
before  it  can  be  used. 

The  thickness  of  overburden  on  these  formations 
varies  with  the  nature  of  the  terrain  and  presumably 
with  the  previous  geological  history  of  the  locality 
where  it  was  formed. 
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CALICHE  DEPOSITS  IN  TEXAS  DESCRIBED 

In  Live  Oak  County  there  is  a  deposit  of  flourlike 
or  fine,  loosely  bound  caliche  situated  at  the  lower 
point  of  a  sloping  terrain.  This  deposit  has  a  very  thin 
overburden  of  disintegrated  material  locally  called  soft 
limestone,  the  thickness  of  which  is  approximately  8 
inches.  The  flourlike  caliche  can  be  loaded  with  an 
elevating  grader  without  plowing.  The  pit  is  20  or 
more  feet  in  depth,  200  to  300  feet  wide,  and  approxi- 
mately 1,100  feet  long  and  can  be  extended  in  length, 
width,  and  depth. 

About  50  miles  south  of  this  location  in  Duvall 
County  test  holes  have  indicated  a  similar  formation 
several  square  miles  in  area  on  rolling  terrain.  The 
only  difference  noted  in  this  area  is  a  variation  in  the 
amount  of  overburden.  Here  it  varies  in  thickness  from 
a  few  inches  to  3  feet. 

This  same  type  of  flourlike  caliche  occurs  in  west 
Texas  in  Throckmorton  County  on  the  surface  of  the 
rolling  prairies.  This  formation,  however,  is  shallow  in 
depth,  usually  ranging  from  3  to  7  feet,  and  is  underlain 
by  instead  of  covered  by  a  disintegrated  limestone 
formation.  While  in  some  areas  there  is  no  overburden, 
in  others  topsoil  occurs  from  6  to  18  inches  in  depth. 
Pits  of  a  similar  nature  exist  in  southeast  Texas, 
particularly  in  Kerr  and  Gillespie  Counties. 

Semihard  caliche  formations  occur  in  numerous  areas 
in  Texas.  A  typical  example  is  the  Realitos  pit  in 
Duvall  County.  This  pit  is  over  1,500  feet  long,  500  to 
800  feet  wide,  and  from  3  to  25  feet  in  depth.  Although 
some  blasting  had  to  be  resorted  to,  nearly  all  material 
has  been  taken  out  with  a  large  steam  shovel  without 
blasting.  Material  found  in  tins  pit  consists  mainly  of 
large  cemented  areas  and  conglomerate  strata  in  the 
interstices  of  which  is  fine  flourlike  material. 

Hard  caliche  beds  occur  in  a  great  many  west  Texas 
areas  and,  in  some  instances,  in  south  Texas.  They 
usually  consist  of  stratified  layers  and  conglomerate 
beds  very  firmly  bound  together  with  a  cementing 
medium.  In  all  instances  the  caliche  has  to  be  blasted 
before  it  can  be  excavated  and  has  to  be  run  through  a 
ciiisher  and  broken  into  small  sizes  before  being  used 
for  highway  construction. 

The  use  of  caliche  for  highway  construction  in  Texas 
has  been  one  of  necessity.  There  are  a  great  many 
areas  in  the  State,  some  distance  from  railroads,  where 
other  road  materials  are  scarce  or  wholly  absent.  Long 
and  expensive  railroad  hauls  prohibited  the  use  of 
shipped-in  materials  and  the  local  caliches  were 
developed  for  use.  The  construction  methods  used  in 
building  caliche  bases  and  the  tests  used  to  determine 
the  quality  of  the  materials  have  been  developed  gradu- 
ally over  a  period  of  years. 

The  first  instance  of  its  use  on  any  considerable 
mileage  of  Federal-aid  highway  work  was  in  Hidalgo 
County  in  1920.  Since  caliche  is  confined  to  a  more  or 
less  localized  area,  it  had  not  received  the  widespread 
attention  in  road  building  literature  that  had  been 
accorded  most  materials  of  construction,  and  as  a 
consequence  no  special  methods  of  testing  this  class  of 
road  material  had  been  developed.  Therefore,  some 
method  of  testing  had  to  be  devised. 

STUDIES  MADE  TO  DEVELOP  BETTER  TESTS  FOR  CALICHE 

Since  tests  for  determining  the  cementing  value  and 
slaking  time  had  been  used  for  a  number  of  years  as  a 
means  of  determining  the  quality  of  binders  such  as 


rock  dust  resulting  from  crushing,  and  since  calcareous 
binders  approached  the  composition  and  character  of 
caliches,  it  was  thought  at  the  outset  that  these  tests 
could  be  applied  to  caliches  and  used  to  differentiate 
between  caliches  of  inferior  quality  and  those  of  good 
quality.  These  methods  were  used  for  a  number  of 
years  for  control  of  caliche  materials  in  Texas. 

Within  the  last  two  years,  however,  the  chemical 
composition  and  physical  characteristics  as  disclosed 
by  the  routine  subgrade  tests  of  the  Bureau  of  Public 
Roads  have  been  investigated  as  a  means  for  determin- 
ing the  probable  performance  of  caliche  as  a  road 
material. 

Chemical  analyses  disclose  the  percentages  of  silica, 
alumina  and  iron  oxide,  calcium  carbonate,  magnesium 
carbonate,  and  ignition  loss.  The  routine  subgrade 
soil  tests  disclose  the  grading  and  constants  as  follows: 
Liquid  limit,  plasticity  index,  shrinkage  limit,  shrinkage 
ratio,  centrifuge  moisture  equivalent,  field  moisture 
equivalent,  and  either  the  volumetric  change  or  the 
lineal  shrinkage. 

The  significance  of  these  physical  tests  and  the  pro- 
cedures for  making  them  have  been  discussed  in  detail 
in  Public  Roads.3 

Table    1. — Results    of  chemical   analyses   and   physical   tests   of 
samples  of  caliche 

GROUP  1 


Chemical  analyses 

Physical  tests 

Sample  no. 

Silica 

Alu- 
mina 
and 
iron 
oxide 

Cal- 
cium 
carbon- 
ate 

Magne- 
sium 

i  -:l  I  linn 

ate 

Igni- 
tion 
loss 

Ce- 
ment- 
ing 
value 

Slaking 
value 

1. __ 

Percent 
36.30 
15.  65 
12.70 
32.40 
54.05 
13.90 
9.40 
18.80 
51.00 
32.15 
10.25 
22.80 
16.50 
26.20 

Percent 
4.75 
4.55 
2.20 
5.70 
4.80 
2.  60 
1.95 
7.85 
8.00 
8.75 
4.20 
10.30 
6.05 
7.25 

Percent 
52.60 
73.03 
82.32 
55.70 
35.26 
Ml.  51 
84.20 
71.43 
35.89 
55.00 
80.54 
60.18 
71.52 
59.91 

Percent 
3.71 
1.17 
1.14 
1.97 
2.54 
2.50 
3.26 
1.17 
1.78 
1.55 
1.17 
1.48 
2.95 
1.48 

Percent 
2.00 
4.96 
1.25 
4.10 
2.81 

1.07 
0.95 
3.00 
1.90 
2.60 
2.50 
1.85 
4.62 

335 
92 
99 
147 
342 
442 
101 
95 
384 
249 
119 
98 
120 
156 

Min- 
utes 
15 

2  .. 

25 

3 

10 

4 

15 

5 

60+ 

6 

60+ 

7 

60+ 

8 

25 

9 

30 

10 

20 

11   

40 

12— 

20 

13  .. 

25 

14 

30 

GROUP  2 


15 ._ 

47.30 
47.10 
6.00 
60.80 
18.20 

11.20 
7.90 
1.00 
7.45 
2.95 

34.11 

37.  68 
90.36 
19.73 
72.50 

1.78 
3.33 
2.59 
8.71 
3.26 

4.76 
3.44 

1.70 
2.50 

294 
500+ 
104 
203 

287 

15 

16 

60+ 

17     . 

60+ 

18     . 

8 

19 

45 

GROUP  3 


20 

66.45 
75.00 
51.20 

7.50 
9.60 
6.35 

17.23 

7.68 

34.  73 

3.30 
2.46 
2.61 

3.45 
3.35 
3.20 

500+ 
500+ 
500+ 

58 

21  .               

17 

22 

25 

GROUP  4 


23 

57.90 
28.10 
34.70 
42.10 
53.40 
40.  05 
36.40 
78.00 

5.60 
8.40 
7.50 
5.50 
17.80 
9.  75 
10.20 
11.50 

25.  00 
56.  25 
50.57 
11  CI 
17.77 
45.00 
43.21 
1.43 

10.07 
1.55 
3.40 
4.77 
2.12 
3.03 
3.03 
1.29 

1.05 
4.05 
3.65 
'   57 
8.07 
2.07 
5.91 
6.55 

467 

500+ 

441 

464 

311 

288 

480 

163 

17 

24  -.                 

60+ 

25               

9 

26  .               

23 

27   

15 

28                        

28 

29 

6 

30 

4 

s  See  Public  Roads,  vol.  12,  nos.  4,  5,  and  7. 
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The  routine  tests  are  supplemented  by  the  fioccula- 
tion  test,  which  is  being  investigated  for  use  as  a  sub- 
stitute for  certain  of  the  routine  tests  in  the  examination 
of  particular  materials,  of  which  caliche  is  one.  It 
furnishes  information  on  the  maximum  porosity  of  sedi- 
ments and  the  presence  of  colloidal  gels.  The  maximum 
porosity  is  disclosed  by  a  voids  ratio  termed  the  floccu- 
lation factor  or  a  corresponding  moisture  content 
termed  the  flocculation  limit. 

The  flocculation  factor  is  defined  as  the  ratio  of  pores 
to  solids  in  a  sediment  formed  in  24  hours  from  a 
mixture  of  5  cc  absolute  volume  of  powdered  soil  solids 
thoroughly  dispersed  in  39  cc  of  distilled  water  and  1  cc 
of  chemical  deflocculent.4  The  quantity  of  gel  present 
is  indicated  by  type  numbers  discussed  later  in  this 
report. 

In  order  to  determine  the  relative  efficiency  of  the 
various  methods  of  tests  for  identifying  caliches  for  road 
building  purposes  a  number  of  samples  representative 
of  both  good  and  undesirable  caliches  were  obtained 
from  roads  and  pits  in  various  parts  of  Texas  and  tested 
in  the  Bureau  laboratory  at  the  Arlington  Experiment 
Station. 

All  the  samples  which  could  be  definitely  classiiied  as 
good  or  poor  base  material,  according  to  the  perform- 
ance of  the  roads  in  which  they  were  used,  were  divided 
into  four  groups,  the  first  two  groups  representing  the 
satisfactory  caliches,  and  the  third  and  fourth  groups 
representing  the  unsatisfactory  materials.  All  the  sam- 
ples represented  material  in  the  base  courses  of  roads 
that  had  been  in  service  from  3  to  13  years.  The 
chemical  analyses  and  results  of  the  cementing  and 
slaking  value  tests  are  shown  in  table  1.  The  results 
of  the  subgrade  soil  tests  are  shown  in  table  2. 

HARD  AND  SEMIHARD  CALICHES  GAVE  BEST  SERVICE 

Group  1. — All  samples  of  group  f ,  except  no.  G,  were 
taken  from  roads  in  west  Texas  which  have  been  in  use 
from  3  to  8  years.  Each  sample  was  from  a  base  course 
of  6  or  8  inches  compacted  depth.  These  base  courses 
were  topped  with  an  asphaltic  surface  from  1  to  2 
inches  in  depth.  All  surfacing  courses  were  in  excellent 
condition.  One  significant  feature  of  this  group  is  that 
practically  all  the  materials  are  from  pits  of  hard  caliche 
where  most  of  the  material  had  to  be  blasted.  This, 
in  itself,  tended  to  keep  the  amount  of  fine  material  or 
binder  within  safe  limits. 

In  samples,  as  removed  from  existing  bases,  the  major 
amount  of  material  is  larger  than  2  millimeters  in  size 
with  a  minor  amount  of  excellent  binder  material  con- 
taining sufficient  cohesive  material  to  thoroughly  bind 
the  coarse  particles  firmly  together  without  detrimental 
volumetric  change.  This  is  not  shown  in  table  2  since 
in  preparing  the  samples  for  testing  a  rubber-covered 
pestle  was  used  to  break  down  lumps  of  material. 

Group  2. — These  materials  were  collected  in  south 
Texas,  except  sample  no.  19,  which  was  from  west 
Texas.  The  samples  were  from  roads  that  had  been 
used  from  7  to  13  years.  All  the  materials  used  in 
these  roads  were  from  deposits  of  semihard  caliches 
which  had  to  be  plowed  for  the  most  part  before  exca- 
vating. In  some  few  instances  strata  had  to  be  blasted. 
All  the  caliche  bases  were  topped  with  an  asphaltic 
surface  course  and  in  1933  were  in  satisfactory  condi- 
tion. The  materials  of  this  group  will  be  discussed 
singly. 

1  See  Proceedings  or  Twelfth  Annual  Meeting  of  the  Highway  Research  Board,  p. 
62. 
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Deposits   of    Flourlike,  Semihard    and    Hard    Caliche    in 

Texas. 

Sample  15  was  taken  from  a  road  constructed  in  192G. 
The  base  course  had  a  compacted  depth  of  S  inches  and 
was  constructed  in  two  layers.  The  bottom  layer  was 
wetted,  rolled  until  thoroughly  compacted  and  per- 
mitted to  set  up  before  the  second  course  was  placed. 
The  same  method  was  used  in  constructing  the  second 
course.  Previous  to  constructing  the  top  course,  the 
base  course  was  bladed  even  and  smooth.  This  is  an 
important  step  in  preparing  caliche  bases  for  top 
courses,  particularly  where  the  traffic  is  heavy.  A 
major  portion  of  the  material,  as  placed  in  the  road, 
was  above  the  2  mm  sieve  with  very  little  binder. 
This  caliche  base  was  topped  with  a  %-inch  Uvalde 
rock  asphalt  surface  course  and  in  1933  was  in  excellent 
condition. 

Sample  16  is  from  a  road  built  in  1927  with  semihard 
caliche  containing  a  high  proportion  of  lumps  larger 
than    the    2    mm    sieve.     The    caliche    was    excavated 
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Table  2. — Results  of  soil  tests  performed  on  samples  of  caliche 

GROUP  1 


Mechanical  anal} 

Physical  characteristics  of  material  passing  no.  40 
sie\  e 

Volu- 
metric 
change 

Flocculation 
test 

Sample  no. 

Parti- 
cles 
larger 
than  2 
mm 

Panicles  smaller  than 

2  mm 

Liquid 

limit 

Plas- 
ticity 
index 

Shrink- 
age 
limit 

Shrink- 
age 

ratio 

Moisture  ermn  - 

a  lent. 

Floccu- 
lation 
factor 

2.0  to 

O.l'jiiini 

0.25  lo 
0.05  mm 

ll  n.-,  to 
0.005 
mm 

Smaller 
than 
0.005 

mm 

Smaller 
than 
0.001 
mm 

Passing 
no.  40 
sieve 

Centri- 
fuge 

Field 

Type 

l                     .  .  

l'i  in  ill 
0 
0 
0 
0 
0 
0 
0 
55 
28 
0 
0 
0 
0 
49 

Percent 

25 
39 
31 
21 
2G 
11 
28 
22 
16 
17 
22 
17 
11 
2(1 

Peru  at 
30± 

20 

21 

38± 

41 

26 

18 

22 

47 

23 

2.; 

25 
21' 
17 

r,  rci  ni 

<•) 

25 
29 
(') 
17 
18 
27 
27 
20 

:is 

29 
28 
2.S 
35 

Pi  ni  nl 

(') 
If, 
16 

(') 
16 
12 
27 
29 
17 
22 
26 
30 
3S 
28 

r,  rci  ni 

(') 
8 

(') 

S 
3 
9 
9 
8 
6 
10 
15 
9 
10 

Percent 
(') 
73 

Percent 
33 
20 

0 

3 
4 
5 
('. 
6 
6 
6 

8 
8 
1(1 
13 
14 

Pi  I  ci  III 

40 
25 
21 
21 
22 
33 
22 
24 
25 
21 
20 

18 
18 

26 

1.3 
1.6 
1.7 
1.7 
1.6 
1.4 
1.7 
1.6 
1.6 
1.7 
1.7 
1.8 
1.8 
1.6 

/'i  u-i  ni 
25 
19 
18 
15 
19 
19 
20 
25 
18 
21 
24 
24 
24 
32 

Percent 
37 
21 
21 
20 
23 
26 
24 
23 
22 
21 
23 
2(1 
24 
31 

Percent 
0 
0 
0 
0 
2 
0 
3 
0 
0 
0 
5 
4 
11 
8 

1.7 
1.7 
1.3 
1.6 
1.3 
1.2 
1.4 
1.6 
1.3 
1.4 
1.5 
1.7 
1.9 
2.2 

1 

1 

80            22 

■> 

4 

0) 
89 
67 
82 
86 
91 
92 
86 
92 
92 
87 

21 
24 
25 
26 
26 
26 
25 
26 
27 
31 
3(1 

1 
■> 

i,                                .    

1 

•> 

s                                             

•i 

9                          .---__----. 

2 

10                     .  .  

2 

n                            .      

2 

12                                 .                   .    

n 

13                    ...    

1 

14 

2 

GROUP  2 


23. 

21 

25. 

26 

27. 

28 

."I 

30 


0 

11 

12 

27 

20 

10 

95 

30 

8 

27 

1.5 

19 

30 

5 

1.7 

0 

19 

33 

29 

19 

8 

89 

34 

10 

28 

1.5 

33 

31 

5 

1.7 

0 

19 

9 

53 

19 

5 

88 

31 

11 

19 

1.7 

28 

27 

14 

1.6 

0 

18 

50 

19 

13 

7 

94 

35 

12 

27 

1.6 

29 

35 

13 

2.5 

0 

6 

13 

53 

28 

0 

98 

38 

13 

27 

1.6 

22 

34 

11 

2.0 

GROUP  ;; 

20                        

0 
0 
0 

1.', 
8 
16 

53 

(11 
40 

10 
5 

22 

22 
23 

22 

14 
17 
13 

93 
98 
92 

33 
36 
37 

17 
21 
23 

19 
21 
19 

1.7 

1.7 
1.7 

2  80 
'88 

2  77 

21 
23 
24 

3 

3  1 

8 

7.5 
7.8 

'1.8 

5 

21                               ..    ..     

5 

22 

5 

GROUP  4 

0 

18 

50 

16 

16 

8 

90 

40 

15 

29 

1.5 

35 

35 

9 

2.8 

0 

6 

9 

35 

50 

14 

97 

36 

17 

24 

1.6 

31 

26 

3 

1.8 

0 

IS 

2s 

34 

20 

8 

90 

40 

18 

21 

1.6 

27 

30 

10 

3.0 

0 

4 

37 

30 

29 

10 

98 

46 

26 

23 

1.6 

32 

34 

18 

4.7 

0 

11 

-i() 

19 

30 

14 

93 

43 

27 

15 

1.8 

27 

2(1 

20 

3.1 

0 

5 

28 

38 

29 

11 

98 

46 

28 

17 

1.7 

25 

28 

19 

3.3 

0 

12 

25 

44 

19 

8 

94 

52 

29 

23 

1.6 

29 

32 

14 

4.0 

0 

9 

53 

6 

32 

28 

99 

49 

33 

20 

1.7 

29 

24 

' 

r  s 

1  Flocculated. 
•  Waterlogged. 

with  a  steam  shovel  and  as  placed  in  the  road,  did  not 
contain  an  excessive  amount  of  binder. 

Samples  17  and  18  are  considered  together  as  they 
were  taken  from  the  same  highway  about  5  miles 
apart.  The  road  was  built  in  1920  with  caliches 
of  the  semihard  variety.  While  some  strata  had  to 
lie  blasted  with  dynamite  most  of  the  material  was 
plowed  and  loaded.  An  8-inch  compacted  base  was 
surfaced  with  1-inch  of  Uvalde  rock  asphalt.  About 
1924  the  surface  was  given  a  light  treatment  of  liquid 
asphalt.  The  condition  of  the  surface  in  1933  was 
satisfactory,  although  some  maintenance  of  edges  bad 
been  necessary.  This  road  is  in  a  semiarid  country; 
the  grades  provide  excellent  drainage  and  the  subgra.de 
is  a  sand.  Tbe  temperature  very  rarely  falls  lower 
than  40°  F.  It  is  doubtful  if  this  material  would  be 
satisfactory  for  use  with  a  large  amount  of  binder,  in 
regions  of  heavy  rainfall,  frosts,  and  poor  drainage  or 
without  a  thoroughly  sealed  surface  course. 

Tbe  material  represented  by  sample  19  has  an  inter- 
esting history.  The  road  was  built  in  1926  when  the 
cementing  value  and  slaking  tests  were  specified  as 
the  criteria  for  quality.  At  that  time  very  little 
was  known  locally  about  soil  physics.     The  road  was 


in  west  Texas  where  caliches  are  mostly  pure  white. 
After  the  contract  was  let  for  the  construction  of  the 
road,  the  caliche  pit  was  opened  and  the  material  found 
was  of  a  light  pink  color  instead  of  white.  This  was 
the  first  pit  of  pink  caliche  found  in  west  Texas.  Its 
quality  was  questioned  and  considerable  concern  felt 
about  using  it.  However,  tests  were  made  and  the 
material  met  the  specification  requirements  as  to  ce- 
menting value  and  slaking.  There  were  no  other  pits 
close  at  hand  and  the  material  was  finally  used.  It 
is  a  semihard  caliche.  Some  of  the  strata  had  to  be 
blasted,  but  most  of  the  material  was  plowed  with  a 
tractor. 

A  base  course,  8  inches  in  compacted  depth,  was 
placed  late  in  the  fall  and  allowed  to  go  through  one 
winter  without  a  surfacing  course.  During  wet  winter 
weather  the  surface  became  slippery  and  mucky.  In 
the  following  summer,  after  the  caliche  had  dried  out 
and  set,  it  was  surfaced  with  a  2^-inch  penetration 
course  with  a  surface  seal  coat  of  liquid  asphalt.  The 
seal  coat  was  entirely  successful  in  completely  sealing 
the  surface.  The  grades  on  this  road  provide  good 
drainage.  At  the  time  of  inspection  in  1933  this  road 
was  in  excellent  condition. 
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A  Sample  of  Caliche. 

GroupS. — The  road  from  which  these  samples  were 
taken  is  in  extreme  south  Texas  in  a  semiarid  territory. 
It  was  built  about  1925  or  1926.  Tests  of  the  materials 
at  that  time  disclosed  very  high  cementation  and  ac- 
ceptable slaking  properties. 

The  material  was  laid  to  form  a  base  course  (i  inches 
in  compacted  depth.  For  3  years  this  base  course 
carried  traffic  without  being  surfaced.  Surface  evap- 
oration caused  the  material  to  set  hard  and  it  gave 
satisfactory  service  under  traffic.  At  the  end  of  3 
years  the  base  was  surfaced  with  1  inch  of  Uvalde  lock 
asphalt.  The  rock-asphalt  surfacing  failed  completely 
in  less  than  a  year  and  had  to  be  removed.  This  history 
indicates  that  caliches  of  high  plasticity,  when  used  in 
arid  regions  of  high  temperatures,  with  provision  for 
adequate  surface  evaporation,  will  set  hard  and  pro- 
vide good  traffic  service  for  up  to  about  800  vehicles 
per  day.  Such  caliches  may  be  totally  unsatisfactory  as 
bases  for  a  bituminous  surfacing.  The  surfacing  pre- 
vents evaporation  of  moisture  from  the  caliche.  High 
capillarity  produces  considerable  water  which,  if  not 
removed  by  evaporation,  causes  loss  of  stability. 

Group  4- — All  materials  in  this  group  are  unsatis- 
factory caliches.  All  of  the  samples  were  taken  from 
complete  failures.  Samples  of  these  materials  taken 
from  bases  beneath  asphaltic  top  courses  show  high 
moisture  contents  and  soft  cheeselike  consisten  u 
with  very  little  stability.  In  one  instance  this  type  of 
caliche  gave  reasonably  satisfactory  traffic  service  for 
light  traffic  during  one  summer  previous  to  placing 
the  bituminous  surface.  However,  they  all  failed  as  a 
base  course   for  bituminous  surfacing. 

CHEMICAL  ANALYSES  AND  TESTS  OF  CEMENTING  VALUE  NOT 
SIGNIFICANT 

The  results  of  the  tests  for  cementing  value  show  a 
lack  of  correlation  between  test  results  and  field  be- 
havior. There  is  some  indication  that  the  better 
caliches  have  a  lower  cementing  value  and  a  higher 
slaking  time  than  the  poor  materials,  but  the  relations 
between  tests  results  and  held  service,  in  general,  arc  too 
erratic  to  be  of  value. 

The  chemical  analyses  illustrate  the  variable  chemi- 
cal composition  of  caliches,  and  also  demonstrate  the 


inadequacy  of  a  chemical  analysis  as  a  ha^is  for  differ- 
entiating between  the  good  and  poor  varieties  of  caliche 
There  is  dissimilarity  in  the  chemical  composition  of 
caliches  within  the  various  groups,  and  also  frequenl 
similarity  in  the  compositions  of  good  and  poor  caliches 
as,  lor  example,  between  mis.  14  and  2  1  and  nos.  '.I  and 
22.  Tn  general,  (lie  better  caliches  contain  more 
calcium  carbonate  than  the  unsatisfactory  varieties, 
but  numerous  exceptions  to  this  general  rule  render  the 
chemical  analysis  ineffective  for  definitely  identifying 
the  satisfactory  materials. 

GOOD  CALICHES  HAVE  LOW  PLASTICITY 

In  developing  a  routine  procedure  for  testing  soils  it 
has  been  the  aim  to  develop  a  sufficient  number  of  tot-. 
varied  in  character,  as  to  make  possible  the  identifica- 
tion of  all  the  soils  apt  to  be  encountered  in  highway 
construction.  However,  in  the  testing  of  special  sur- 
facing and  base  course  materials,  such  as  limerock, 
caliche,  shale,  disintegrated  granite  and  the  like,  the 
tests  may  be  limited  to  those  which  disclose  the  particu- 
lar characteristics  upon  which  the  performance  of  the 
material  depends.  These  dominating  characteristics, 
as  well  as  the  tests  which  disclose  them,  may  lie  learned 
from  the  results  of  all  the  routine  tests  performed  on  a 
sufficient  number  of  samples. 

To  illustrate,  the  results  shown  in  table  2  and  averaged 
in  table  3  showr  that  the  undesirable  caliches  have  higher 
liquid  limits  and  plasticity  indexes  than  (lie  good 
materials.  The  tests  for  field  moisture  equivalent, 
shrinkage  limit,  volumetric  change,  and  centrifuge 
moisture  equivalent  (except  in  the  case  of  water- 
logged materials)  do  not  show  consistent  differences 
between  good  and  poor  caliches.  The  poor  caliche- 
appear  to  differ  from  the  good  ones  mainly  in  having 
higher  plasticity.  Shrinkage  as  indicated  by  either  the 
volumetric  change  or  its  related  constant,  lineal  shrink- 
age, seems  to  be  a  minor  factor  in 
failure. 
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Table  3. —  Average  results  of  subgradt  soil  tests 
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Considering  the  test  results  it  seems  that  a  plasticity 
index  les<  than  15  is  sufficient  to  indicate  a  caliche 
satisfactory  for  road  purposes,  and  that  a  plasticity 
index  exceeding  1  ."i  denotes  a  material  which  may  prove 
troublesome.  A-  a  supplementary  requirement  for 
indicating  good  caliche  the  fiocculation  factor  might  lie 
limited  to  2.5.  However,  i1  is  possible  that  either  semi- 
arid  climate  or  good  drainage  may  have  contributed  to 
the  satisfactory  performance  of  several  of  the  caliches 
represented  by  the  samples  with  the  higher  plasticity 
indexes  in  group  2.  Until  more  is  learned  concerning 
the  matter  it  may  he  advisable  to  use  caliches  with 
plasticity  indexes  of,  say,  in  to  15  only  in  fairly  dry 
climates  and  where  subgrade  drainage  conditions  arc 
favorable.  In  this  case  fiocculation  factors  up  to  and 
including  1.7  would  designate  materials  suitable  under 
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general  conditions  and  factors  up  to  and  including 
2.5  would  denote  caliches  suitable  under  favorable 
conditions. 

SILICA  GEL  MAV  BE  DISTINGUISHING  FEATURE  OF  CALICHE 
PERFORMANCE 

The  flocculation  factor,  resulting:  from  the  floecula- 
tion  test,  is  useful  but  the  test  may  serve  a  more  im- 
portant purpose  in  disclosing-  the  properties  of  caliche  by 
indicating  the  presence  or  absence  of  a  silica  gel. 

Sediments  of  caliches  may  be  of  five  different  types, 
as  follows: 

Type  1:  No  gel,  with  a  clear  suspending  medium 
above  the  sediment. 

Type  2:  Little  or  no  gel,  with  a  cloudy  suspending 
medium  above  the  sediment. 

Type  3:  Well  defined  gel,  not  exceeding  about  5  cc 
in  volume;  suspending  medium  clear. 

Type  4:  Heavy  gel,  5  to  15  cc  in  volume,  suspending 
medium  clear. 

Type  5:  Very  heavy  gel  exceeding  15  cc  in  volume, 
suspending  medium  clear. 

Types  1,  3,  and  5  are  shown  in  the  illustration. 

From  table  2  it  can  be  seen  that  with  but  one  excep- 
tion the  good  caliches,  groups  1  and  2,  contain  little  or 
no  gel.  Those  of  group  3  are  highly  colloidal,  as 
indicated  by  very  heavy  gels.  This  is  undoubtedly 
responsible  for  the  waterlogging  in  the  test  for  centri- 
fuge moisture  equivalent.  Oddly  enough,  however, 
these  gels  do  not  increase  the  plasticity  to  the  extent 
which  would  be  expected  from  the  increase  in  the 
moisture  equivalent. 

That  the  gel,  in  itself,  is  not  responsible  for  the  high 
flocculation  factors  is  indicated  by  the  tests  on  the 
group  4  samples.  Samples  27  and  28,  with  flocculation 
factors  above  3,  have  no  gel  whatever.  This  indicates 
that  while  the  presence  of  a  heavy  gel  may  be  respon- 
sible, in  part,  for  high  flocculation  factors,  as  in  the  case 
of  the  group  3  samples,  the  absence  of  gel  does  not 
necessarily  indicate  a  low  flocculation  factor. 

The  gel  occurring  in  caliches  is,  to  all  appearances, 
the  same  as  that  produced  by  the  bentonite  colloids, 
which  act  as  emulsifying  agents  on  bituminous  materials. 
Consequently,  this  silica  gel,  acting  as  an  emulsifying 
agent,  may  be  responsible  for  the  failures  of  processed 
surfaces  and  thin  bituminous  surfaces  on  caliche  bases. 
Except  for  the  presence  of  this  gel,  the  soil  tests  disclose 
no  reason  for  such  failures  on  caliches. 

This  leads  to  the  general  indications  (1)  that  caliches 
with  plasticity  indexes  less  than  about  10,  with  floc- 
culation factors  not  exceeding  1.7,  and  without  the  gel- 
producing  colloids  should  prove  satisfactory  as  bases 
for  thin  bituminous  surface  treatments  under  average 
moisture  conditions;  (2)  that  caliches  with  plasticity 
indexes  of  10  to  15,  flocculation  factors  not  exceeding 
2.5  and  without  colloidal  gel,  should  prove  satisfactory 
for  thin  bituminous  surfaces  in  semiarid  or  well-drained 
locations;  and  (3)  the  better  grade  materials,  even 
with  a  considerable  amount  of  gel,  may  prove  satis- 
factory as  bases  for  the  thicker  bituminous  surfaces 

SUMMARY 

The  information  available  relative  to  the  use  of 
caliche  suggests  the  following  conclusions: 


Types  1,  3,  and  5  of  Caliche  Sediments. 

1.  The  stability  of  caliche  base  courses  for  bituminous 
surfacing  depends  upon  the  quality  and  quantity  of  the 
fine  binder  material  (passing  the  no.  40  sieve)  contained 
in  the  total  volume  of  material  in  place. 

2.  The  quality  of  the  binder  depends  on  the  geologic 
origin  of  the  material.  The  quality  can  be  determined 
by  the  standard  physical  soil  tests  developed  by  the 
Bureau  of  Public  Roads.  Study  of  soil  constants  de- 
rived by  subjecting  caliches  which  have  given  various 
degrees  of  road  service  to  this  standard  series  of  tests 
makes  possible  the  establishing  of  suitable  limiting  test 
values. 

The  quantity  of  fine  soil  binder  (material  passing  no. 
40  sieve)  depends  on  the  nature  of  the  caliche  deposit 
and  on  the  mechanical  appliances  and  methods  used  in 
excavating  and  handling. 

3.  The  hard  and  semihard  caliches  are  the  best  mate- 
rials since  they  are  most  likely  to  contain  a  desirable 
quantity  and  quality  of  fine  binder  material. 

4.  Flourlike  or  very  fine  caliches  may  be  used  under 
favorable  conditions.  However,  they  generally  contain 
an  excessive  amount  of  very  fine  clay  and  colloidal  mate- 
rial. Such  fine  material  will  bind  and  set  when  properly 
manipulated,  but  the  completed  road  has  very  high 
capillary  action.  Material  of  this  kind  should  be 
thoroughly  investigated  before  being  used. 

5.  In  regions  of  sparse  rainfall,  freedom  from  frost  or 
snow,  and  good  surface  drainage,  caliches  with  high 
colloidal  content,  as  evidenced  by  high  liquid  limits, 
high  plasticity  indexes  and  colloidal  gels,  may  be  suc- 
cessfully used  to  carry  light  traffic  without  surface 
covering.  This  type  of  caliche  will  prove  unsatisfactory 
if  a  surface  covering,  which  prevents  evaporation  of 
capillary  moisture,  is  placed  on  top  of  it  or  if  it  is  placed 
without  providing  good  drainage. 

6.  The  minimum  depth  of  compacted  base  course 
that  will  give  good  service,  as  deduced  from  records  of 
roads  that  have  been  built  for  5  or  more  years,  is  8  inches. 

7.  Base  courses  in  excess  of  4  inches  compacted  depth 
will  give  better  service  if  built  in  two  courses.  The 
base  course  material  should  be  thoroughly  compacted 
from  the  subgrade  upward. 


TRAFFIC  ON  STATE  AND  COUNTY  ROADS 

OF  INDIANA 

A  DIGEST  OF  A  REPORT  BY  THE  STATE  HIGHWAY 
COMMISSION  OF  INDIANA  ' 


THE  present  State  highway  system  lias  been  de- 
veloped since  1920  with  funds  derived  principally 
from  automobile  license  fees,  a  gasoline  tax,  and  Federal 
aid.  The  county  system,  the  intensive  development  of 
which  began  with  the  enactment  of  the  Stale's  famous 
"Three  Mile  Gravel  Road  Law"  in  1905,  was  paid  for 
almost  entirely  with  the  proceeds  of  county  and  township 
bond  issues.  The  issuance  of  State  bonds  is  prohibited 
in  the  Indiana  constitution.  There  are  2.14  miles  of 
road  in  the  State  for  each  square  mile  of  area,  a  figure 
exceeded  only  in  Massachusetts  and  Connecticut. 
The  mileage  of  surfaced  roads  is  greater  than  that  of 
any  other  State,  there  being  a  total  of  59,085,  of  which 
8,450  are  dustless,  including  5,530  miles  of  pavement. 
There  are  50,035  miles  of  untreated  gravel  and  water- 
bound  macadam.  Most  of  the  pavement  is  on  the 
State  system.  Table  1  gives  a  detailed  summary  of 
the  various  types  of  surfaces  on  the  State  highway 
system. 

The  unusual  facilities  for  traveling  throughout  the 
year  provided  by  the  extensive  county  road  system 
result  in  a  narrower  range  of  seasonal  changes  in  traffic 
density  than  is  found  in  other  parts  of  the  Middle 
West.  The  topography  of  the  State  is  faily  uniform, 
there  being  no  mountains  and  only  limited  areas  of 
marsh  lands  where  construction  is  difficult.  Indianapo- 
lis, with  a  population  of  about  400,000  is  the  largest 
city.  Farming  and  manufacturing  are  about  of  equal 
importance  in  the  State's  economic  life.  The  1930 
population  was  3,238,503  of  which  55.5  percent  was 
classified  as  urban  and  44.5  percent  as  rural. 

Table  1. — Miles  of  different  types  of  surfaces  on  the  StaU  highway 
system,  1982 


Type  of  surface 


Brick 

Cement  concrete 

Rock  asphalt 

Bituminous  concrete 

Bituminous  macadam 

Surfacs-treated  waterbound  macadam 

Bituminous  retread - 

Bituminous  mulch  top 

Road-oil  mat  top 

Oil-treated  surface - 

Stone 

Gravel 

Earth. 

Torn  up  for  construction 

Miscellaneous 


Miles 


Accumu- 
lated 
total, 
miles 


106.96 
3,  356.  25 

52.17 

209  84 

16  26 

104   -- 

1,766.  16 
103  48 
507  52 

28.  09 
197.  35 
81.72 


106.  96 
3,  163.21 
3,823.81 
;:.  875.  98 
1,085.82 
1.  132.08 
1.  436.  95 
I,  S74.  68 
6,640  M 
6,  744.  32 

8,  115.47 
S.  143.56 


SURVEY  MADE  ACCORDING  TO  ACCEPTED   METHODS 

The  survey  was  undertaken  to  obtain  information 
concerning  the  volume  and  kind  of  traffic  on  the  \  arious 


1  The  work  was  executed  under  the  direction  of  F.  A.  Henning  and  W.  V.  Milner, 
engineers,  and  L.  E.  Freeman,  statist  iciaii,  for  the  State  Highway  Commission.  The 
advice  and  assistance  of  tha  Cniti  I  tates  Bureau  of  Public  Roads  was  had  in  plan- 
nine  the  survey  and  supervision  was  furnished  in  part  by  the  bureau  in  collecting 
field  data.  The  complete  report  has  been  published  by  the  Stats  Highway  Com- 
mission of  Indiana. 


ehisses  of  highways  as  a  basis  for  properly  classifying 
highways  and  controlling  expenditures  upon  them. 

The  methods  of  the  survey  were  in  accordance  with 
principles  which  have  been  developed  in  a  number  of 
State-wide  surveys  and  which  are  accepted  as  yielding 
satisfactory  results.  Traffic  counts  were  made  at  1,016 
stations  on  the  State  system  and  data  were  collected 
at  525  points  on  county  roads  in  21  selected  townships  in 
11  counties  representing  different  conditions  through- 
out the  State.  For  certain  classes  of  data  intensive 
studies  were  made  at  a  number  of  representative  points 
and  factors  determined  which  were  applied  to  other 
points  of  like  character.  The  survey  covered  a  I -year 
period  beginning  in  May  1932. 

HEAVIEST. TRAFFIC  FOUND  ON   U.  S.  ROUTES 

The  8,423  miles  of  State  roads  covered  bj  the  report 
do  not  include  the  451  miles  of  State  routes  in  cities 
with  a  population  over  3,500  which  were  not  maintained 
by  the  State.  The  Federal-aid  highways  included  in 
the  State  system  aggregated  4,923  miles. 

During  the  year  of  the  survey  there  was  a  motor 
vehicle  movement  on  the  State  highways  of  approxi- 
mately 6,890,200  vehicle-miles  per  day.  On  the  county 
roads  the  figure  was  3,483,953.  The  relative  use  of  the 
Federal-aid  systems  and  the  United  States  routes  is 
shown  in  table  2. 

The  daily  volume  of  traffic  on  different  parts  of  the 
State  system  varied  widely.  The  number  of  motor 
vehicles  per  average  24-hour  day  ranged  from  18,881 
at  the  junction  of  routes  U  S  41  and  V  S  12  and  U  S  20 
near  Chicago,  111.,  to  a  minimum  of  less  than  100 
vehicles  on  some  unimproved  sections  recently  added 
to  the  system.  The  average  for  the  entire  8,423  miles 
was  818  vehicles  per  day.  On  county  roads  the  average 
was  50.0  and  the  range  was  between  a  maximum  of 
3,943  and  a  minimum  of  2.2. 

Table  2. — Average  daily  traffic  on  diffi   en    <-ouU  classification 
the  Slate  highway  systt  m 


Highwaj 
mileage 

Percent 
of  State 
highwaj 

V  vei 
dailj     i 
hicle-miles 

Percent 

of  total 
vehicle- 
miles 

3,  500 

1 ,  933 

21.7 

n.o 

100.0 
22.  9 

3,  149,  652 

- 
1,  134,732 
90,200 

Jo.  7 

tern. 

20.  8 

Total  Stat                       

US  routes - 

The  largest  volume  of  traffic  of  both  passenger  cars 
and  trucks  is  found  in  the  areas  adjacent  to  large  centers 
of  urban  population  and  on  the  main  traffic  rout 
The  picture  of  the  traffic  How  in  the  Indianapolis  area 
(as  shown  by  maps  accompanying  the  full  report  I  is  a 
striking  example  of  the  urban  inline  nee.  The  How  on  all 
the  roads  increases  as  the  city  is  approached.     The  den- 
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sity  lines,  on  the  maps,  for  V  S  40  between  Indianapolis 
and  Terre  Haute  and  for  U  S  52  between  Indianapolis  and 
Lafayette  sbow  the  characteristic  maximum  on  these 
sections  near  the  urban  areas  and  the  minimum  midway 
between  the  cities. 

The  most  striking  example  of  the  combination  of  the 
influence  of  urban  traffic  and  through  traffic  is  in  the 
Calumet  region  and  on  lT  S  routes  12  and  50  skirting- 
Lake  Michigan.  The  heavy  traffic  in  this  section  is  the 
result  of  a  large  population  within  the  area  itself,  its 
proximity  to  Chicago,  and  the  junction  of  several 
important  through  routes.  The  28  miles  of  U  S  12  out- 
side of  cities  carries  an  average  daily  traffic  of  4, •">(•!). 
From  Gary  to  Elkhart,  a  distance  of  03  miles,  there  is 
an  average  flow  of  :;,()(iL  vehicles  per  day.  The  prin- 
cipal through  routes,  in  general,  are  those  designated 
as  U  S  highways,  of  which  the  most  important  are  U  S 
12,  20,  30,  31, '40,  41,  and  52. 

The  mileage  of  State  highways  carrying  various 
densities  of  total  traffic  and  of  truck  traffic  is  shown  in 
figures  1  and  2. 


5      1500 


vehicles  per  day 

Figure   1. — State  Highway  Mileage  Classification 
According  to  Traffic  Density. 

august  found  to  be  month  of  heaviest  traffic 

The  seasonal  variation  in  traffic  is  shown  in  figure  3, 
which  is  based  on  counts  at  102  control  stations.  The 
bars  represent  the  average  traffic  during  each  month  as 
a  percentage  of  the  average  monthly  total  traffic.  Pas- 
senger-car traffic  shows  a  greater  variation  than  truck 
traffic.  Maximum  passenger-car  traffic  was  in  August 
and  the  minimum  in  March,  with  a  ratio  between  the 
two  of  1.56.  For  trucks  the  high  and  low  months  were 
August  and  February,  with  a  ratio  between  them  of  1.20. 

Figure  4  shows  the  variation  in  traffic  on  different 
days  of  the  week.  Volumes  of  traffic  are  expressed  as 
percentages  of  total  traffic  on  the  average  week  day 
(average  for  Monday  to  Friday,  inclusive).  Figures  :; 
and  4  are  based  on  traffic  on  State  highways  only.  It 
was  found  that  the  increase  in  traffic  on  Sunday  was 
greater  on  local  roads  than  on  main  routes,  probably 
because  of  the  desire  of  some  pleasure  drivers  to  avoid 
heavy  traffic.  Table  3  shows  variations  between  week- 
day traffic  and  Saturday  and  Sunday  traffic 
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Figure  2. — State  Highway   Mileage  Classification 
According  to  Truck  Density. 

Table  3. — Average  Saturday  and  Sunday  traffic  as  percentages  oj 
average  week-day  traffic 


Average 

week-da; 

flow 

Saturday 
flow 

Sunday 
flow 

Percent 
100 
100 
100 

Pcrct  ut 
121 
»1 
113 

Pera  ni 

167 

Trucks 

41 

Total 

142 

HEAVY  TRUCK  TRAFFIC  CONFINED  LARGELY  TO  PRINCIPAL 
ROUTES 

Motor-truck  traffic  is  16.9  percent  of  the  total  traffic 
on  State  highways  and  16.3  percent  of  the  total  on 
county  roads.  In  the  density  counts  busses  were 
counted  as  trucks.  However,  early  in  the  survey,  a 
check  was  made  on  the  relative  number  of  busses  to 
trucks  and  to  total  vehicles.  This  count  showed  that 
the  bus  flow  was  less  than  1  percent  of  the  total  flow  and 
approximately  4  percent  of  the  truck  flowr. 

It  is  highly  significant  that  the  percentage  of  truck 
traffic  in  Indiana  is  practically  the  same  on  State  and 
county  roads  and  still  more  significant  that  the  per- 
centage of  heavy  trucks  on  county  roads,  as  determined 
by  inspection,  is  approximately  half  that  of  heavy 
trucks  on  State  roads.  It  was  found  during  the  sum- 
mer of  1933  that  47  percent  of  the  trucks  passing  the 
survey  stations  on  State  roads  during  daylight  hours 
were  either  equipped  with  dual  tires  or  were  obviously 
large  and  heavy.  This  figure  includes  busses.  On 
county  roads  the  proportion  of  similar  heavy  vehicles 
was  26  percent.  Dual  tire  equipment  is  principally 
used  on  vehicles  which  may  be  roughly  classified  as 
heavy.     No  classification  by  tonnage  was  attempted. 

The  average  daily  traffic  flow  map  published  in  the 
full  report  shows  that  the  number  of  miles  of  State 
roads  that  averaged  over  200  trucks  per  day  are  com- 
paratively few.  In  figure  2  the  mileage  of  the  State 
highway  system  is  classified  according  to  several  truck- 
density  classes.  The  number  of  trucks  per  average 
24-hour  day  varied  from  3,790  at  the  junction  of  routes 
U  S  41  and  U  S  12  and  20  northwest  of  Whiting  to  less 
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Figure  3.- — Daily  Variation  of  Traffic  on  State  Hiohw 
Total  Traffic  on  Average  Week  Day  (Monday  to  Fri- 
day) is  Taken  as  100  Percent. 

than  10  on  some  of  the  unimproved  sections  of  the 
State  system.  On  the  county  roads  the  maximum  on 
the  average  day  was  726  and  the  minimum  none. 

Tahle  4  gives  the  average  truck  flow  on  the  principal 
truck  routes.  The  decrease  in  this  traffic  on  Saturdays 
and  Sundays  brings  the  average  flow  below  the  flow 
on  a  week  day. 

Table  4. — Average  daily  truck  flow  on  tht   principal  truck  routes 


Route 

Length 

in 
miles 

A  verage 
ii  ucks 
per  day 

Michigan  Line  to  Illinois  Line - 

Indianapolis  to  Illinois  Line 

28 
68 
61 
241 
63 
60 
151 
103 
102 
143 

996 

77.i 
1 15 

U  S  20— Garv  to  Elkhart 

473 

U  S  20— Elkhart  to  Ohio  Line-    ...      -      _  _   .  _ 

220 

1    -  52 and  O  S  41 — Indianapolis  to  ihunmond  - 

384 

fj  S  41-  Terre  Haute  to  Ohio  Rivei             

327 

67-9- U  S  24— Indianapolis  to  Fori  Wayne.. 

324 

TRAFFIC   ON   STATE   HIGHWAYS   DIFFERED   GREATLY   FROM    THAT 
ON  COUNTY  ROADS 

Upon  analysis  of  field  data  it  was  found  that  traffic 
characteristics  in  Lake  County,  in  the  Chicago  metro- 
politan area,  differed  so  widely,  in  many  respects,  from 
those  in  the  other  10  counties  that  a  separate  study  of 
them  would  be  required.  Tables  5  and  6  show  i  he  major 
characteristics  developed  for  the  State  as  a  whole  and 
for  Lake  County  alone.    The  various  items  are  grouped 


I 


Figure  4. —  Monthly  Variation  of  Traffic  on   State 

!!  n  ii ww  s. 

for  convenient  comparison  and  each  group  represents 
100  percent  of  the  traffic  Direct  comparison  of 
State  road  and  county  road  traffic  can  be  made 
easily.  In  table  G  for  Lake  County  the  first  column 
shows  data  relative  to  the  State  high  a  ays;  the  second, 
county  roads  in  the  northern  portion  of  the  county 
which  lies  within  the  Chicago  metropolitan  area;  the 
third,  the  entire  county  road  system.  Many  of  the 
roads  in  North  and  Calumet  town-hips  are  really  city 
streets  under  the  jurisdiction  of  county  authorities. 
They  carry  a  huge  volume  of  traffic  and  more  elaborate 
studies  than  those  undertaken  in  this  survey  will  he 
required  to  give  an  adequate  picture  of  them. 

All  comparisons  in  the  second,  seventh,  eighth,  and 
ninth  groups  in  both  tables  are  based  on  24-hour 
traffic  How,  but  (he  remainder  are  based  on  the  flow 
in  the  daylight  period,  during  which  observations  were 
taken  and  for  which  no  nighl  factors  were  available. 
Survey  figures  show  that  foreign  traffic  maintained  its 
percentage  with  reasonable  uniformity  throughout  the 
night  and  indicate  thai  the  percentage  of  city-owned 
vehicles  was  greater  on  the  State  highways  at  night  and 
less  on  county  roads,  and  it  may  be  worth  while  to  bear 
this  in  mind  in  considering  the  12-hour  characteristics 
shown  in  the  table.  Seasonal  variation-  iii  the  char- 
acteristics listed  were  not  great,  except  in  resort  areas 
and  on  roads  near  recreation  centers  and  in  items  which 
constituted  v&n,  small  percentages  of  the  total  traffic. 

It  is  apparent  from  the  figures  in  table  5  thai  the 
Mate  road  system  has  distinctly  different  traffic  char- 
acteristics from  those  found  on  the  countv-road  system. 
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Table  5.- — Composition  of  traffic — all  roads 


Vehicle-miles 

Percent 

on  Stale 
roads 

Percent 

on  countj 

roads 

Percent 
on  com- 
bined 
systems 

1.  Indiana-owned  vehicles ..  

All  other  vehicles ..  

- 

17.5 

90.6 
3.4 

1 
12  8 

Total 

100.0 

100.0 

100.0 

83.1 
16.2 

.7 

83.7 
16. 1 

t  2 

S3  3 

Trucks 

10  2 

.5 

Total 

100.0 

(lid  II 

100.0 

3.  City  vehicles  _ .  .  . 

62.  5 

18.4 
19.1 

33.4 
43.  7 
22.9 

52.8 

Farm  vehicles __      _  ... 

26  8 

Village  vehicles 

20  4 

Total 

100.  0 

1(111  0 

100  0 

t.  Vehicles  traveling  to  or  from  points  in  the   town- 
ship  ._  . 

33.0 
36.7 
22  5 

7  8 

71.3 

6.  0 
2 

45  s 

Vehicles  traveling  to  or  from  points  in  the  county 
outside  the  township .    ...  _ 

31  9 

Vehicles  traveling  to  or  from  points  in  the  State 
outside  the  county 

17.0 

Vehicles  i  raveling  between  points  in  other  States 
(trans-State).. 

5.3 

Total 

100.0 

100  0 

100  0 

5.  Vehicles  traveling  from  city  to  eitv 

43.5 
20.3 
19.3 
16.9 

12.5 

17.  1 

1 1  ; 

55.  7 

33  2 

Vehicles  (ravelin'.'  from  city  to  country 

19.2 

Vehicles  traveling  from  country  to  city 

17  8 

Vehicles  traveling  between  points  in  the  country.. 

29,  8 

Total. 

100.0 

Kid  u 

100  0 

(J.  Vehicles  traveling  within  the  State  (intra-State).. 

Vehicles  traveling  between  points  in  Indiana  and 

points  in  other  States  (intsr-State).    ...  

77.9 

14.3 
7.8 

96  9 

2  '.i 
.2 

84.2 
10.5 

Vehicles  crossing  the  State  (trans-Slate) 

Total 

100.0 

100.0 

100  0 

67  2 
15.9 
14.6 
1.6 

80  I 

3.1 

15  8 

.3 

.2 

Foreign  passenger  cars ... 

ii  f> 

Indiana  (rucks 

15  1} 

Foreign  trucks 

1   ■' 

Indiana  busses     ...  _ 

Total... 

10(1  (1 

100.0 

100  0 

8.  Passengers  cars  owned  in  the  county 

37.9 

29.  3 

15  'a 
7.5 
7.  1 
1.6 
.3 
.4 

60.8 

19.8 
3.1 
11.4 
4.4 
.3 
.1 
.1 

45  6 

Passenger  cars  owned  in  the  State,  outside  the 
county 

26  1 

Passenger  cars  owned  in  other  States  or  countries.. 
Trucks  owned  in  the  county ...  .  .. 

li  6 
8  8 

Trucks  owned  in  the  State,  outside  the  county... 

Trucks  owned  in  other  States  or  countries 

Busses  owned  in  the  county 

(',.  2 

1.  2 

2 

Busses  owned  in  the  State,  outside  the  county 

Busses  owned  in  other  States  or  countries  ..  ... 

.3 

Total.. 

100.0 

ton  o 

100  0 

9.  County-owned  vehicles 

45.7 

II    - 
17.5 

72.3 

24.3 

3.4 

54  fi 

State-owned  vehicles .. 

39  6 

12.8 

Total 

100.0 

100.0 

100.  0 

The  figures  for  the  different  sections  of  the  individual 
roads  included  in  the  averages  shown  in  the  table  indi- 
cate that  extreme  variations  from  these  averages  may 
be  found  on  a  single  road.  For  instance,  most  of  the 
characteristics  found  on  U  S  31  in  Marion  County  are 
quite  different  from  those  in  Scott  County.  Centers  of 
population,  proximity  to  the  State  border  or  location  in 
a  highly  developed  resort  area  will  cause  changes  in  the 
composition  of  the  traffic  which  will  make  the  figures 
for  certain  sections  of  almost  any  State  road  either 
greater  or  less  than  similar  figures  for  the  average 
county  road.  Likewise,  many  of  the  county  road  char- 
acteristics shown  in  the  table  vary  widely  between  the 
different  counties  in  which  the  survey  was  conducted, 
although  the  percentages  of  foreign  vehicles  and  of 
t  rucks  a  re  fairly  uniform.     Individual  county  roads  can 


Table  6. — Composition  of  traffic — Lake  County  roads 


1.  Indiana  owned  vehicles. 

All  other  vehicles 

Total 

2.  Passenger  cars . . 

Trucks _ 

Busses 

Total 

3.  City  vehicles 

Farm  vehicles 

Village  vehicles 

Total 

4.  Vehicles  traveling  to  or  from  points  in  the  town- 

ship  

Vehicles  traveling  to  or  from  points  in  the  county 
outside  the  township 

Vehicles  traveling  to  or  from  points  in  the  State 
outride  the  county.. 

Vehicles  traveling  between  points  in  other  States 
(trans-State) 

Total 

5.  Vehicles  traveling  from  city  to  city 

Vehicles  traveling  from  city  to  country 

Vehicles  traveling  from  country  to  city. 

Vehicles  traveling  between  points  in  the  country. 

Total. 

6.  Vehicles  traveling  within  the  State  (intra-State).. 
Vehicles  traveling  between  points  in  Indiana  and 

points  in  other  States  (inter-State) 

Vehicles  crossing  the  State  (trans-State) 

Total --.. 

7.  Indiana  passenger  cars 

Foreign  passenger  cars. 

Indiana  trucks 

Foreign  trucks 

Indiana  busses 

Foreign  busses 

Total 

8.  Passenger  cars  owned  in  the  county 

Passenger  cars  owned  in  the  State,  outside  the 

county --.r 

Passenger  cars  owned  in  other  States  or  countries . 

Trucks  owned  in  the  county 

Trucks  owned  in  the  State,  outside  the  county... 

Trucks  owned  in  other  States  or  countries 

Busses  owned  in  the  county... 

Busses  owned  in  the  State,  outside  the  county 

Busses  owned  in  other  States  or  countries 

Total 

3.  County-owned  vehicles 

State-owned  vehicles 

Foreign  vehicles 

Total. 


Vehicle-miles 


Percent 

on  State 

roads 


53.3 
46.7 


Hill   II 


85.0 
14.0 
1.0 


100.0 


Percent 

on  county 

roads  ' 


Percent 
on  county 

roads  2 


85.7 
14.3 


100.0 


86.0 

12.6 

1.4 


100.0 


85.9 
5.6 
8.5 


100.0 


31.0 
23.0 
28.  4 
10.7 


89.2 
3.0 

7.8 


100.0 


100.0 


72.8 
12.8 
8.9 
5.5 


100.0 


36.6 


46.7 
16.7 


100.0 


12.  9 
42.1 
9.6 

4.4 


Hill    II 


84.4 
10.9 


2.0 


86.8 
13.2 


100.0 

85.9 

12.9 

1.2 


Mill    I 


83.9 
6.4 

9.7 


100.0 


100.0 


79.7 
9.2 
7.5 
3.6 


100.0 


83.4 


14.6 
2.0 


100.0 


73.7 
12.3 
10.6 
2.0 
1.4 


100.0 


32.0 

10.9 

42.1 

5.9 

3.7 

4.4 

.4 

.4 

.2 


100.0 


38.3 
15.0 
46.7 


100.  0 


70.6 

3.1 
12.3 
9.0 
1.0 
2.0 
1.3 
.1 


32,  7 
12.2 
3.3 
1.8 
100  (i 


72.3 

10.7 
8.7 
8.3 


100.0 
85.0 


13.2 
1.8 


100.0 


74.5 

11.4 

11.1 

1.8 

1.2 


100.0 


100.0 


81.5 
4.2 
14.3 


100.0 


6.3 
11.4 
9.5 
1.6 
1.8 
1.1 
.1 


78.8 
8.0 
13.2 


100.0 


1  In  Calumet  and  north  townships  only. 
!  In  all  townships. 

be  compared  with  the  State  road  figures  shown  only 
when  full  consideration  is  given  to  every  detail  of  their 
geographical  locations.  In  making  such  comparisons  it 
must  be  remembered  that  the  average  State  road  car- 
ries 16  times  as  much  traffic  as  the  average  county 
road,  and  that  even  though  a  certain  county  road  shows 
a  higher  percentage  of  foreign  or  nonlocal  traffic  than 
the  average  State  road  the  volume  of  such  traffic  may 
be  practically  negligible.  The  possibility  of  a  material 
increase  in  these  two  items  following  the  inclusion  of  a 
road  in  the  State  system  must  be  studied. 

The  relative  use  of  the  roads  by  local  and  nonlocal 
vehicles  is  perhaps  the  most  important  comparison  of 
the  various  traffic  elements  that  can  be  made  from  the 
tables.     In  this  survey  if  a  vehicle  either  began  or  ended 
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its  trip  in  a  certain  place  ii  was  counted  as  local  to  that 
place.  Tlic  firsl  item  in  group  4  of  either  table  is  local 
traffic  in  the  average  township.  The  second  item  is 
traffic  found  crossing  the  township  but  local  to  the 
county  in  which  the  township  is  located.  The  sum  of 
items  1  and  2  is  the  amount  of  traffic  local  to  the  entire 
county.  The  third  item  is  traffic  crossing  both  town- 
ship and  county  coming  from  or  going  to  points  within 
the  Stale  and  is  called  Slate  traffic.  Vehicles  in  the 
fourth  item  cross  the  State  from  holder  to  border, 
passing'  through  the  county  and  the  township.  Thus 
the  entire  average  vehicular  movement  is  divided  into 
"township",  "county'',  "State",  and  "trans-State" 
traffic.  The  figures  in  table  5  indicate  that  the  State 
highways  carry  an  average  of  33  percent  township 
traffic,  while  the  county  roads  carry  71.3  percent. 
Combined  township  and  county  traffic  on  the  State 
highways  is  69.7  percent  of  the  total  and  on  county 
roads  93.8  percent.  Other  comparisons  are  easily  made 
from  the  tables  themselves.  The  figures  are  averages 
for  the  entire  State  and  vary  materially  between  urban 
and  rural  areas. 

By  combining  township  and  county  figures  in  the 
fourth  group  and  comparing  them  with  the  combined 
figures  for  county-owned  cars  in  the  last  group  we  find 
that  about  46  percent  of  the  traffic  on  the  State  roads 
originates  in  the  local  county  while  about  24  percent 
additional  has  its  destination  there,  having  come  from 
somewhere  else.  These  same  figures  for  the  county 
roads  are  approximately  72  percent  and  22  percent. 
The  remainder  of  the.  traffic  in  each  case  moved  entirely 
across  the  county.  In  this  method  of  comparison,  loca- 
tion of  ownership  denotes  origin.  In  other  words,  the 
"origin  or  destination"  method  indicates  that  about 
70  percent  of  the  State  highway  traffic  and  94  percent 
of  the  county  road  traffic  is  local  to  the  county  in  which 
a  road  lies,  while  the  "origin  only"  method  indicates 
40  percent  and  72  percent,  respectively,  for  these  two 
items.  "Origin  only"  figures  for  the  townships  are  not 
available. 

In  this  survey  municipalities  with  2,500  or  more 
population  were  classed  as  cities.  Automobile  license 
registration  figures  in  1932  showed  that  54.3  percent  of 
all  vehicles  were  owned  in  cities,  26.6  percent  on  farms, 
and  19.1  percent  in  villages  or  towns.  Traffic  on  State 
roads  was  found  to  consist  of  62.5  percent  city  vehicles, 
18.4  percent  farm,  and  19.1  percent  village.  On  the 
county  roads,  farm  and  village  vehicles  aggregated  66.6 
percent.  On  the  combined  systems  city  vehicles  con- 
stituted 52.8  percent  of  the  traffic.  Vehicles  traveling 
from  city  to  city,  and  city  to  country  accounted  for 
63.8  percent  of  the  State  highway  traffic,  which  is  almost 
the  same  as  the  percentage  of  city-owned  vehicles  found 
on  these  roads.     The  movement  between  points  in  the 


countrj  and  from  the  country  to  the  city  on  the  count} 
roads  was  70.4  percent,  which  may  be  compared  to  the 
66.6  percent  of  farm  and  village  vehicles  found  on  thesi 
roads.  Figures  in  the  table  showing  a  slight!}  greater 
movemenl  from  city  to  country  than  in  the  opposite 
direction  indicate  I  hat  some  of  the  heav}  pleasure  traffic 
starting  from  the  cities  during  daylight  hours  did  not 
return  until  after  the  counting  stations  were  closed  for 
the  night  or  that  they  returned  by  different  routes. 

Trucks  and  busses  were  the  only  commercial  vehicles 
segregated  in  the  survey.     Under  the  Indiana  law  busses 

used  exclusively  for  carrying  children  to  and  IV school 

are  classed  as  trucks  and  carry  truck  license  plates. 
While  there  are  approximately  7,000  such  vehicles  in 
use  they  are  very  light,  frequently  mounted  on  passen- 
ger-car chassis,  and  travel  an  average  of  only  3,200 
miles  a  year  each. 

The  average  mile  of  the  State  highway  system  carried 
818  vehicles  of  all  types  a  day;  680  of  these  were  pas- 
senger cars,  132  were  trucks  and  0  were  busses.  On 
the  county  system  these  figures  were  12. 1.  8.1,  and  0.1, 
making  a  total  of  50.6  vehicles  per  day. 

Bus  registrations  in  the  State  amounted  to  only  878, 
and  these  few  together  with  those  registered  in  other 
States  accounted  for  the  flow  shown  above.  On  the 
State  roads  approximately  1  bus  in  each  7  is  foreign. 
Out  of  each  13  trucks  1  is  foreign,  and  1  in  each  group 
of  7  passenger  cars  is  of  foreign  registration.  Foreign 
traffic  on  the  count}'  roads  is  very  light  (3.4  percent  ). 
Although  there  is  hardly  any  bus  traffic  on  the  county 
roads  it  is  interesting  to  note  that  the  ratio  of  passenger 
cars  to  trucks  and  busses  is  practically  the  same  on 
State  and  county  roads.  Foreign  trucks  are  found  to 
furnish  1.5  percent  of  the  total  State  traffic  on  State 
roads,  while  foreign  busses  account  for  less  than  one- 
tenth  of  1  percent.  The  total  truck  traffic  is  16.9 
percent.  In  other  words,  one-eleventh  of  the  truck 
traffic,  including  busses,  is  of  foreign  registration. 

COUNTY  ROADS  DO  NOT  EARN  MAINTENANCE  COSTS 

Between  May  f,  1932,  and  April  30,  1933,  the  net 
revenue  from  the  4-cent  gasoline  tax  earned  on  all  rural 
roads  was  $10,656,867.  Of  this  total  66.5  percent,  or 
$7,081,766,  was  earned  on  State  roads  and  33.5  percent, 
or  $3,575,101,  on  county  roads.  These  figures  are  based 
on  an  estimated  gasoline  consumption  by  passenger  cars 
of  15  miles  per  gallon  and  11#  miles  per  gallon  by  trucks, 
which  are  the  figures  used  by  the  Bureau  id'  Public 
Roads  in  its  report  on  the  Survey  of  the  Eleven  Western 
States.  No  evidence  has  been  produced  since  the  pub- 
lication of  that  report  to  justify  a  revision  of  these 
figures,  although  all  available  pertinent  data  have  been 
studied.     Some    interesting    light    is    thrown    on    this 

(Continued  on  p.  250) 


Table  7.- — Relative  gasoline  tax  earnings  on  the  StaU   road  mid  county  mail  systems  liming  Die  period  of  the  May  1.  193 

A, ir.  SO,  1933 


Pa    • 

Truck 

l  otal 

1  '.   |  r   |    :.' 

of  total 

Percent 
oJ  total 

Percent 

of  total 

Percenl 

of  grand 

total 

5,  727,  296 

$8,574,568 

2,916,676 

-  ;s,888 

- 

7s,  7 
83.  7 
79  l 

1.  162,  90-1 

$1,509,217 

$73C,  213 

in.  9 

21.3 
lfi.  3 
20.  6 

- 
$7,ii- 
3,  18 
$3,  575, 101 

100 
100 
100 
100 

33.  5 

$10,  f 

100.0 

EFFECT  OF  TEMPERATURE  AND  MOISTURE 
CONTENT  ON  THE  FLEXURAL  STRENGTH 
OF  PORTLAND  CEMENT  MORTAR 

BY  THE  DIVISION  OF  TESTS.  BUREAU  OF  PUBLIC  ROADS 

Reported  by  D.  O.  WOOLF,  Associate  Materials  Engineer,  and  K.  F.  SHIPPEY,  Junior  Highway  Engineer 


IN  A  REPORT  on  the  effect  of  steel  reinforcement  in 
concrete  pavements  which  was  presented  at  the 
L931  meeting  of  the  Highway  Research  Board,1 
several  theoretical  considerations  of  the  effect  of  change 
in  moisture  content  and  temperature  on  the  flexural 
strength  of  concrete  were  advanced.  It  was  stated 
that  while  both  a  lowering  of  temperature  and  a  de- 
crease in  moisture  content  will  cause  a  concrete  slab  to 
shorten  in  linear  dimensions,  these  two  effects  may 
liave  opposite  reactions  on  the  flexural  strength. 
When  shrinkage  occurs  due  to  loss  of  moisture,  the 
cement  is  placed  under  compression  by  the  surface 
tension  of  the  "solidified"  water,  and  the  modulus  of 
rupture  will  be  increased.  Filling  the  pores  of  the 
mortar  with  water  subsequent  to  drying  reduces  the 
capillary  pressure  to  zero  and  causes  the  mortar  to 
swell  and  the  flexural  strength  to  diminish.  On  the 
other  hand,  a  decrease  in  temperature  of  rigid  concrete 
causes  molecular  consolidation,  the  inert  particles  be- 
come smaller  in  diameter  and  the  glue  bands  of  the 
cementing  material  tend  to  shorten.  This  causes  the 
linear  dimensions  of  the  slab  to  diminish  and  the  glue 
bands  to  become  stretched  in  effect  and  thus  be  placed 
in  tension.  This,  in  theory,  should  reduce  the  modulus 
of  rupture. 

This  theoretical  conception  of  the  effect  of  tem- 
perature on  the  modulus  of  rupture  was  supported  by 
the  results  of  a  series  of  tests  of  concrete  made  under 
held  conditions.  Since  accurate  control  of  tempera- 
ture and  moisture  is  quite  difficult  in  the  field,  it  was 
decided  to  make  a  series  of  tests  under  laboratory  con- 
ditions to  check  the  effect  of  temperature  and  moisture 
on  the  strength  of  mortar. 

Several  years  ago  a  short  series  of  tests  to  determine 
the  effect  of  moisture  content  on  the  strength  of  mortar 
was  made,  using  tension,  compression  and  flexure 
specimens.2  After  6  months'  curing  in  water,  a  portion 
of  each  set  of  specimens  was  dried  in  warm  air  for  2  days 
and  then  tested.  The  remainder  of  the  specimens  were 
tested  wet.     The  following  results  were  found: 

Mortar  strength,  pounds  per  square  inch 


an  appreciable  quantity  of  water.  Subsequent  tests 
have  indicated  the  correctness  of  this  conclusion. 

Following  these  tests  a  set  of  seven  2-  by  .3-  by  18-  inch 
mortar  beams  of  1 :3  mix  with  Potomac  River  sand  was 
tested  at  an  age  of  2  years  to  determine  the  effect  of 
moisture  content  on  the  flexural  strength.  After  each 
beam  had  been  tested  in  a  saturated  condition,  the 
beams  were  oven  dried  at  105°  C.  to  constant  weight 
and  tested  dry.  As  shown  in  table  1,  the  wet  beams 
developed  a  flexural  strength  averaging  750  pounds  per 
square  inch.  The  average  strength  of  the  dry  beams 
was  f  ,065  pounds  per  square  inch,  or  142  percent  of  the 
strength  of  the  wet  beams.  These  tests  demonstrated 
that  the  moisture  content  had  an  appreciable  effect  on 
the  flexural  strength. 

To  determine  the  effect  of  both  temperature  and  mois- 
ture, three  series  of  mortar  beams  were  prepared,  using 
a  1 : 2  mix  by  weight  of  stock  cement  and  Potomac  River 
sand  with  a  water-cement  ratio  of  0.68  by  volume.  Each 
series  consisted  of  6  beams  2  by  3  by  16  inches,  and  6 
beams  2  by  3  by  12  inches.  Two  other  beams  of  the 
same  proportions  and  consistency  were  cast  with  ther- 
mocouples and  a.  thermometer  placed  in  them.  It  was 
the  intention  to  use  these  beams  as  temperature  con- 
trol specimens  for  the  test  beams.  After  one  day  in 
moist  air,  the  beams  were  removed  from  the  molds  and 
stored  in  water  at  a  temperature  of  70°  F.  At  an  age 
of  28  days,  half  of  the  beams  were  dried  in  an  oven  at 
a  temperature  of  150° ±5°  F.  for  a  period  of  7  days,  in 
which  time  they  attained  a  constant  weight.3  All  beams 
were  tested  at  an  age  of  35  days. 

Table  1. — Moduli  of  rupture  of  mortar  beams  tested  in  flexure  at  age 
of  approximately  2  years  with  specimens  at  room  temperature 


Test 

Wet 

Air  dry 

Tension 

530 

6,215 

675 

380 
7   145 

Compression 

Flexure 

145 

These  results  do  not  agree  with  the  theories  advanced. 
However,  it  is  now  believed  that  lack  of  agreemenl  i> 
the  result  of  the  air-dried  specimens  not  being  thor- 
oughly dry  and  that  when  tested  they  still  contained 

1  Functions  of  Steel  Reinforcement  in  Concrete  Pavements  and  Pavement  Bases, 
by  C.  A.  rrnfientogler,  E.  A.  Willis,  and  F.  A.  Robeson,  Proceedings,  Highway 
Research  Board,  vol.  11.  pi.  l. 

Effect  of  Moisture  Content  on  the  Strength  of  Cement  Mortar  Specimens,  by 
1>.  O.  Woolf  and  Baxter  Smith,  Public  Roads,  August  1929. 
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I'.CIIIN 

Beams  wet 

Beams  oven-dried  to 
constant  weight 

Increase 
in 

1 

2 

Average 

1 

2 

Average 

strength 

1           

Pounds 

per 
square 
inch 
827 
702 

r>85 

664 
853 
762 

7  Hi 

Pounds 

per 
sguan 

inch 

Pounds 
}>" 

square 
inch 
827 
702 
685 
664 
853 
762 
751 

Pounds 
per 

Sq  mm 
inch 
1,  140 
1,082 
1, 136 
1,-123 
1,026 
988 
1,009 

Pounds 

per 
sawn 

inch 

1,101 
999 

1,155 

Pounds 
per 

square 
inch 
1,120 
1,040 
1,146 
1,123 
1,026 
988 
1,009 

Percent 
136 

2 

148 

3 

167 

4     . 

169 

5 

120 

6 

130 

756 

134 

750 

1,065 

142 

Prior  to  the  tests,  investigations  of  the  rate  of  heating 
or  cooling  of  mortar  beams  were  made  to  determine 
the  time  required  to  bring  a  test  beam  to  the  desired 
temperature.  For  this  purpose,  a  surplus  beam  of 
unknown  age  was  fitted  with  a  thermocouple  and  ther- 
mometer.    The  beam  was  subjected  to  all  the  heating 

3  Loss  of  1  gram  (0.03  percent)  or  less  in  24  hours'  heating. 
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and  cooling  treatments  proposed  for  use  in  the  test, 
and  time-temperature  records  obtained.  It  was  found 
in  this  preliminary  treatment  thai  the  thermometer 
reading  usually  showed  a  lag  of  2°  or  3°  F.  behind  thai 
obtained  with  the  thermocouple.  Some  difficulty  was 
experienced,  however,  in  making  thermocouple  readings 
because  of  vibration  of  the  galvanometer  mirror. 
While  the  thermocouple  was  believed  to  give  more 
accurate  determinations  of  temperature,  it  was  decided 
to  use  thermometer  readings  in  the  proposed  tests. 

FIRST  SERIES  OF  TESTS  INCONCLUSIVE 

Tests  were  made  of  the  flexural  strength  of  beams  al 
temperatures  of  40°,  70°,  and  100°  F.,  in  both  oven- 
dried  and  saturated  conditions.  One  long  and  one  short 
beam  were  tested  on  each  of  3  days  for  each  of  the  6 
conditions  of  temperature  and  moisture.  In  most 
cases,  15  breaks  were  made  under  each  test  condition. 
Some  specimens  failed  by  shear  at  the  ends  because  of 
uneven  surfaces, and  such  breaks  were  discarded.  After 
each  test,  the  dimensions  of  the  beam  at  the  plane  of 
failure  and  the  length  of  the  lever  arm  to  the  plane  of 
failure  were  measured,  and  the  modulus  of  rupture 
computed.  The  cantilever  machine  used  has  been 
described  in  Public  Roads  for  May  1928.  A  36-inch 
lever  arm  was  used  rather  than  the  18-inch  arm  used 
in  the  first  work  with  the  machine. 

In  the  preliminary  series  of  time-temperature  tests, 
it  was  found  that  it  was  necessary  to  allow  for  a  change 
of  10°  F.  in  the  temperature  of  the  beam  while  in  the 
testing  machine,  in  making  tests  at  40°  and  100°  F. 
The  beams  for  the  low-temperature  tests  were  cooled 
to  freezing  temperature  before  being  placed  in  the  test- 
ing machine,  a  bath  of  melting  ice  being  used  for  the 
wet  specimens,  and  the  dry  specimens  being  cooled  by 
electric  refrigeration.  Wet  specimens  lor  testing  at 
100°  F.  were  heated  in  water  to  110°  F.  before  being 
placed  in  the  testing  machine.  Dry  specimens  for 
testing  at  100°  F.  were  oven  heated  to  150°  F.  and 
cooled  in  room  air  to  ]  10°  F.  before  being  placed  in  the 
machine.  The  wet  beams  tested  at  70°  F.  were  taken 
direct  from  the  laboratory  storage  water,  while  the  dry 
beams  were  cooled  from  150°  to  70°  F.  in  room  air  before 
testing. 

The  temperature  of  the  test  specimen  at  the  moment 
of  failure  was  obtained  by  subjecting  the  thermometer 
equipped  control  beam  to  the  same  temperature  treat- 
ment as  was  given  the  test  specimen.  When  the  test 
beam  was  placed  in  the  testing  machine,  the  control 
beam  was  placed  beside  it,  and  the  test  was  made  when 
the  control  beam  reached  the  desired   temperature. 

Upon  the  completion  of  this  series  of  tests  it  was 
observed  that  the  individual  test  results  at  a  given 
temperature  were  not  always  concordant,  especially  in 
the  case  of  the  beams  tested  in  a  dry  condition. 

An  inspection  of  the  average  results  also  showed  a 
much  smaller  difference  in  strength,  due  to  moisture 
condition  at  time  of  test,  than  had  been  indicated  by 
the  2-year  tots  previously  noted.  It  was  felt  that 
this  might  be  due  to  the  proportionately  greater  amount 
of  water-curing  given  the  wet  beams  (35  days  a-  com- 
pared with  28  days  for  the  beam-  tested  dr\  .  This 
would  introduce  an  error  which  might  be  corrected,  in 
part,  by  increasing  the  wet-storage  period.  Ii  was 
therefore  decided  to  repeat  the  test,  using  the  same 
materials,  proportions,  and  water-cement  ratio  but  to 
give  all  beams  a  preliminary  curing  of  90  days  in  water 
instead  of  28  davs  as  in   the   former  series.      In   this 


second  series  of  tests,  six  2- by  3- by  L6-inch  beams  were 
prepared  on  each  of  L2  days  and  stored  for  90  da 
Three  of  each  set  of  six  beam-  prepared  on  1  day  wen 
then  removed  from  storage  and  dried  to  constant 
weight  al  a  temperature  of  L50  5  F  The  remain- 
ing specimens  were  continued  in  water  storage.  At  an 
age  of  L03  day-  both  wet  and  dry  beams  were  tested 
for  flexural  strength  at  temperatures  of  10  -  7m  .  and 
LOO    F.,  using  the  same  methods  as  given  above. 

SECOND  SERIES  OF  TESTS  SHOWS  IMPORTANCE  OB    CONTROL  Ol 
MOISTURE  AND  TEMPERATURE  IN   TESTING 

The  results  of  the  two  series  of  tests  are  given  in 
tables  2  and  3,  and  in  figure  1.  In  all  cases,  increase 
in  temperature  resulted  in  lowering  the  flexural  strength 
of  the  mortar.  This  is  more  marked  in  the  test.-  of 
the  wet  beams,  and  here  a  greater  reduction  in  strength 
was  found  with  increase  in  temperature  from  70°  to 
L00°  F.  than  from  40°  to  70°  F.  At  an  age  of  35  day-, 
the  dry  specimens  tested  at  a  temperature  of  40  I 
developed  only  94  percent  of  the  strength  of  the  wet 
beams,  but  at  100°  F.  the  dry  beams  had  a  strength  of 
IIS  percent  of  that  of  the  wet  beams.  At  70  F.  the 
dry  and  wet  beams  had  practically  the  same  strength. 

At  an  age  of  103  days,  the  strengths  of  the  dry  beams 
greatly  exceeded  the  strengths  of  the  wet  beams  at  all 
temperatures.  At  40°  F.  the  dry  beams  were  1M  per- 
cent stronger;  at  70°  F.,  145  percent  stronger;  and  at 
100°  F.,  105  percent  stronger.  It  will  be  recalled  that 
in  the  tests  made  at  2  years,  the  flexural  strengths  of 
the  dry  beams  tested  at  70°  F.  averaged  1  12  percent 
of  the  strengths  of  the  wet  beams.  It  is  apparent 
that  the  time  of  curing  has  a  considerable  effect  on  the 
ratio  of  flexural  strength  of  wet  and  dry  beams  tested 
at  the  age  of  35  days.  In  this  case,  the  wet,  beams 
were  cured  in  water  for  35  days  but  the  dvy  specimens 
had  only  2s  days'  water-curing,  followed  by  heating 
This  treatment  probably  affected  the  strengths  of  the 
dry  specimens  adversely. 

It  is  interesting  to  note  that,  insofar  a-  the  effect  of 
temperatures  of  specimens  at  time  of  test  i-  concerned, 
these  tests  verify  the  result-  obtained  several  years  ago 
by  Parkinson,  Finch,  and  Ilolf,  of  the  University  of 
Texas  *    which    indicated    quite    definitely    that     the 

i  Relation  Between  Strength  of  Portland  Cement    Mortar  and   n  .   Temperature 
it  Time  of  Test,  Universitj  of  Texas  Bulletin  no.  2825,  July  i,  1028. 
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Figure    1.     Effect   of   Temperature    ind    Moisture    Con- 
ditions at  Time  of  Test  on  I  i  exi  ral  Strength  of  Port- 
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Table  2. — Moduli  of  rupture  of  mortar  beams  tested  in  flexure 
at  age  of  35  days  and  at  various  temperatures  at  time  of  test 


Beams,  >li  5 

Beams,  wet 

40°  F. 

70°  F. 

100°  F. 

40°  F. 

70°  F. 

100°  F. 

Pounds  per 

Pou  inh  pi  1 

Pounds  ptr 

Pounds  per 

Pun  nils  /a  1 

I'on  mis  pi  1 

square  inch 

square  inch 

squart  inch 

square  inch 

tquari  inch 

square  inch 

726 

672 

590 

897 

7ss 

575 

862 

740 

614 

852 

785 

689 

828 

705 

607 

900 

765 

635 

816 

744 

570 

797 

784 

552 

731 

734 

811 

817 

777 

622 

065 

677 

787 

838 

797 

520 

749 

771 

678 

850 

827 

565 

829 

891 

900 

989 

676 

586 

849 

S77 

928 

811 

802 

655 

788 

840 

691 

929 

SIS 

585 

851 

750 

750 

966 

820 

599 

836 

847 

595 

986 

741 

606 

890 

7111 

654 

886 

770 

571 

994 

621 

75S 

601 

9  is 

774 

624 

A  v.  837 

767 

700 

886 

778 

599 

strength  of  mortar  specimens  tested  in  a  wet  condition 
is  decreased  as  the  temperature  at  the  time  of  test  is 
increased. 

It  should  be  noted  that  these  observations  were  made 
on  mortars  using  a  single  cement  and  a  single  sand 
and  with  one  proportion.  It  is  possible  that  the  use  of 
other  materials  and  proportions  might  have  indicated 
somewhat  different  relations. 

The  following  conclusions  appear  to  be  warranted 
by  the  results  obtained  in  these  tests: 

1.  Increase  in  temperature  of  mortar  beams  at  time 
of  test  results  in  a  reduction  of  the  flexural  strength. 

2.  The  effect  of  the  temperature  of  a  mortar  beam  at 
time  of  test  on  the  flexural  strength  is  more  pronounced 
in  the  case  of  beams  tested  in  a  wet  condition  than 
with  oven-dried  beams. 

3.  In  these  tests,  the  flexural  strength  of  mortar 
beams  tested  in  a  wet  condition  appeared  to  be  affected 
to  a  greater  extent  by  a  change  in  temperature  from 
70°  to  100°  F.  than  from  40°  to  70°  F. 

4.  Mortar  beams  tested  in  a  dry  condition  show  a 
uniform  reduction  in  flexural  strength  with  increase 
in  temperature  from  40°  to  100°  F. 

.">.  Mortar  beams  tested  in  a  dry  condition  develop 
higher  flexural  strength   than  beams  tested  in  a  wet 


Table  3. — Moduli  of  rupture  of  mortar  beams  tested  in  flexure 
at  age  of  108  days  and  at  various  temperatures  at  time  of  test 


Beams,  dry 

Beams,  wet 

40°  F. 

70°  F. 

100°  F. 

40°  F. 

70°  F. 

100°  F. 

Pounds  per 

Pounds  per 

poll  mis  pi '  r 

Pounds  per 

Pounds  per 

Pounds  per 

square  inch 

square  inch 

squart  inch 

sqi in n  inch 

quare  inch 

square  inch 

1,489 

1 .  29 1 

1,310 

994 

938 

662 

1,416 

1,  399 

1,399 

1,017 

873 

599 

1,392 

1,391 

1,310 

1,004 

940 

630 

1,365 

1,  134 

1,194 

1,  020 

996 

631 

1,419 

1,041 

963 

975 

861 

688 

1,237 

1,255 

1,143 

908 

935 

677 

1,223 

1,164 

932 

920 

570 

1,238 

1,036 

928 

596 

1,279 

1.  122 

948 

870 

1,364 

1,  366 

1.373 

987 

924 

615 

1,337 

1,521 

1,  342 

975 

978 

615 

1,428 

1,400 

1,204 

981 

876 

649 

1,458 

1,  396 

1,353 

995 

935 

627 

i,:;vi 

1,375 

1,  345 

904 

860 

688 

1,  460 

1,368 

1,374 

998 

933 

729 

1,469 

1,274 

1,339 

1,023 

1,000 

708 

1,395 

1,289 

1.206 

979 

9!  3 

639 

1,364 

1,384 

1,330 

984 

925 

717 

1,342 

1,356 

1,300 

921 

894 

623 

1,465 

1,274 

1,265 

927 

858 

654 

1,360 

1,277 

1,304 

935 

856 

596 

1,373 

1,314 

1,254 

891 

842 

636 

1,404 

1,381 

1,257 

916 

888 

689 

1,386 

1,342 

1,  268 

963 

924 

649 

1,372 

1,317 

1,  293 

933 

884 

624 

1,446 

1,317 

1,246 

897 

805 

632 

1,399 

1,346 

1.  230 

927 

811 

612 

1,  339 

1,  262 

1,268 

943 

937 

701 

1,381 

1,247 

1,  161 

923 

848 

618 

1,391 

1,381 

1,  221 

956 

865 

657 

1,318 

1,257 

1,277 

972 

936 

594 

1,304 

1,260 

1,152 

892 

911 

664 

1,423 

i,:;in; 

1,  199 

1,001 

911 

573 

1,404 

1,332 

1,  194 

923 

883 

699 

1,429 

1,345 

1,290 

990 

915 

1,369 

1,339 

1,171 

858 

878 

696 

Av.  1, 379 

1,309 

1,259 

956 

901 

646 

condition  provided  duplication  in  curing  conditions 
has  been  attained. 

These  tests  point  to  the  necessity  of  closely  controlling 
both  the  temperature  and  the  moisture  condition  of 
concrete  specimens  for  flexure  tests  at  the  time  of  test. 

Because  of  the  comparative  ease  with  which  satura- 
tion of  specimen  can  be  insured  it  is  recommended 
that  all  flexure  tests  be  made  with  saturated  specimens. 
In  view  of  the  fact  that  a  temperature  of  70°  F.  is 
commonly  used  and  can  be  quite  conveniently  con- 
trolled, it  is  recommended  that  this  temperature  plus 
or  minus  5°  F.  be  established  as  a  standard  temperature 
for  testing. 


TRAFFIC  ON  ROADS  OF  INDIANA 

(Continued  from  p.  247) 

subject  by  the  results  of  an  analysis  of  the  registration 
figures  in  Indiana  made  during  the  period  of  the  survey. 
1 1  was  found  that  42  percent  of  all  trucks  had  a  capacity 
of  less  than  1  ton,  91.8  percent  had  a  capacity  of  less 
thin  2  tons,  ami  an  additional  5.3  percent  were  rated 
at  less  than  3%  tons.  Very  heavy  vehicles  with  high 
rates  of  gasoline  consumption  constituted  only  2.9 
percent  of  the  total  registration. 

Proportioned  on  the  same  basis  registration  fee  earn- 
ings on  the  rural  roads  during  the  period  of  the  survey 
amounted  to  $3,821,300.  Of  this  amount  the  State 
roads  earned  $2,539,841  and  the  county  roads  earned 
$1,281,465. 


The  net  total  earnings  from  the  two  sources  just  men- 
tioned were  $14,478,173.  Table  7  shows  the  daily 
vehicle-miles  of  travel  on  each  system,  separated  as  to 
trucks  and  busses,  and  the  relative  gasoline-tax  earnings 
in  each  case.  From  these  figures  we  find  that  in  gasoline 
tax  and  automobile  license  fees  the  average  State  road 
earns  $1.40  annually  for  each  daily  vehicle-mile  of  travel 
(365  vehicle-miles  in  a  year)  and  the  average  county 
road  earns  $1.39.  On  this  basis  it  is  evident  from  figure 
1  that  a  considerable  mileage  of  State  roads  is  not 
earning  maintenance  charges,  which  averaged  $411  per 
mile  in  1932,  but  the  average  earnings  per  mile  on  the 
State  system  are  $1,145.20.  The  average  earnings  on 
the  county  system  are  $70.33  per  mile,  which  indicates 
that  the  county  system  as  a  whole  does  not  earn  its  cost 
of  maintenance,  which,  in  1931,  was  approximately 
$187  per  mile. 
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E^UID  asphaltic  materials  of  the  slow-curing  type 
have  been  used  extensively  in  the  Western  States 
during  the  last  few  years  in  the  construction  of  the 
road-mix  or  mixed-in-place  types  of  surfaces.  In  general, 
they  have  given  satisfactory  results  in  the  arid  and 
semiarid  sections.  However,  these  materials  have  not 
been  entirely  satisfactory  in  the  more  humid  areas  or 
with  certain  kinds  of  aggregates,  and  a  need  has  been 
felt  for  some  experimental  work  to  determine  the  limi- 
tations of  the  materials  and  to  obtain  information  as  to 
other  materials  and  methods  of  construction  which 
might  be  used  to  better  advantage  under  these  special 
conditions. 

The  series  of  experimental  sections  described  in  this 
report  included  a  wide  range  in  the  features  com- 
monly involved  in  the  construction  of  the  road-mix  and 
surface-treatment  types. 

The  experimental  sections  were  built  during  1929  and 
1 930  by  the  division  of  highways,  California  Department 
of  Public  Works,  in  cooperation  with  the  Bureau  of 
Public  Roads.  The  21  sections  cover  a  length  of 
10  miles  on  U.  S.  30,  beginning  at  the  California-Nevada 
State  line  and  extending  southwest  toward  Truckee. 

EXPERIMENTS  COVERED  A  NUMBER  OF  TYPES  OF  CONSTRUCTION 

The  experiments  are  grouped  with  respect  to  the 
type  of  construction  and  materials  used  as  follows: 

1.  Road-mixes  of  crushed  stone  and  gravel  aggregates 
with  different  types  and  grades  of  bituminous  materials. 

2.  Surface  treatment  of  road-mixes. 

3.  Surface  treatments  on  a  traffic-bound  stone  base 
course. 

The  location  of  the  different  experiments  and  the 
details  of  their  construction  are  given  in  tables  1  and  7. 

The  road  on  which  the  experimental  sections  were 
built  had  been  graded  and  drained  and  surfaced  with 
selected  soil  containing  some  granular  material.  In 
the  summer  of  1927,  following  this  construction,  an 
oil-mixed  surface  from  2  to  3  inches  in  thickness  was 
built  using  local  aggregate.  On  the  westerly  3  miles 
a  crushed  red  volcanic  ash  was  used  in  the  surface  mix 
and  this  surfacing  failed  extensively.  The  remaining 
7  miles,  on  which  crushed  granite  had  been  used,  was 
in  better,  condition  but,  in  general,  failure  had  devel- 
oped on  the  whole  project  to  such  an  extent  that  recon- 
struction of  the  surface  was  necessary  at  the  time  the 
experiments  were  begun.  Figure  1  is  an  illustration  of 
a  condition  typical  of  the  old  surface. 

The  road  is  in  a  section  where  the  climate  is  severe 
and  the  moisture  conditions  are  unfavorable.  The  av- 
erage elevation  is  more  than  5,000  feet  and  the  range  in 
temperature  is  from  about  95°  F.  above  zero  to  as  low 
as  —30°  F.  Considerable  snow  lies  on  the  road  until 
late  in  the  spring  and,  as  the  road  is  located  largely  in 
heavy  sidehill  cuts,  the  moisture  conditions  during 
winter  and  spring  are  particularly  bad,  due  to  the 
heavy  flow  of  water  and  sliding  of  earth  which  occur 
at  this  time  of  year.     Figure  2  shows  a  typical  condi- 
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lion  during  the  spring.  Yearly  traffic  counts  over  the 
period  from  1929  to  1933  show  a  daily  traffic  on  week 
days  of  1,300  vehicles  and  as  many  as  3,500  vehicles  are 
counted  on  Sundays. 

Subgrade  samples  were  taken  at  intervals  under  the 
edge  of  the  old  surface  and  the  results  of  analyses  are 
given  in  table  2. 

The  experimental  sections  were  each  approximately 
one-half  mile  in  length,  with  the  exception  of  sections 
11,  12,  and  13,  which  were  one-third  mile.  Sections 
were  numbered  from  east  to  west  beginning  at  the 
State  line  and  ending  with  section  21  at  the  west  end  of 
the  project.  The  surface  was  made  20  feet  wide  in  all 
cases  and  the  compacted  thickness  of  both  the  road- 
mix  surfacing  and  also  the  traffic-bound  stone  course 
for  surface  treatment  was  3  inches. 

As  a  basis  for  correlation  of  data  obtained  on  mate- 
rials, methods  of  construction,  and  service  behavior, 
two  observation  or  test  points  were  selected  in  each 
section,  approximately  700  feet  from  each  end.  The 
locations  of  these  points  were  marked  in  the  field  by 
3-  by  3-inch  painted  posts  and  identified  by  the  num- 
ber of  the  section  and  the  letter  A  if  near  the  easterly 
end,  and  B  if  near  the  westerly  end.  At  these  points 
samples  were  taken  to  determine  the  condition  of  the 
old  surface  and  the  character  of  the  subgrade  soil. 
Immediately  prior  to  applying  the  bituminous  mate- 
rial the  aggregate  was  sampled  to  determine  the  mois- 
ture content  and  the  mechanical  analysis.  Samples  of 
the  surface  mixture  were  taken  at  these  locations  dur- 
ing compaction  and  at  several  intervals  thereafter. 
Results  of  tests  on  these  samples  to  determine  the 
bitumen  content,  grading,  and  stability  are  given  in 
table  3.  Wherever  the  right  or  left  portion  of  the 
roadway  is  mentioned  in  the  report  the  reference  is  to 
the  right  and  left  of  an  observer  facing  in  the  direction 
of  the  stationing  and  the  beginning  of  the  project. 

Except  for  the  %-  to  %-inch  stone,  the  crushed  stone 
used  was  produced  locally  at  a  roadside  crushing  plant 
shown  in  figure  3.  The  local  material  was  a  highly 
weathered  granite,  friable  and  very  light,  the  crusher- 
run  material  weighing  only  about  2,300  pounds  per 
cubic  yard,  and  the  open-graded  material  weighed 
1,970  pounds.  The  %-  to  %-inch  stone  was  the  same 
type  of  material  but  of  somewhat  better  quality  and 
was  shipped  in  by  rail  from  Oroville,  Calif.  The  fine 
material,  known  locally  as  muck  sand,  which  was 
added  to  the  aggregate  on  several  of  the  sections  to 
increase  the  percentage  passing  the  no.  200  sieve,  was 
shipped  in  by  rail  from  Sacramento.  Washed  gravel, 
1  to  l/%  inch  in  size,  and  crushed  gravel  ranging  from 
%6-inch  to  dust,  were  obtained  from  Fair  Oaks,  Calif. 
Combinations  of  these  sizes  were  used  on  the  road-mix 
sections  and  satisfactory  mixing  was  obtained  by  depos- 
iting the  materials  on  the  subgrade  in  the  proportions 
of  25  percent  of  the  coarser  uncrushed  gravel  to  75  per- 
cent of  the  finer  crushed  grave]  and  blading  it  in 
windrows. 
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Table  1. — Materials  used  on  road-mix  experimental  sections.     All  sections  were  surfaced  with  3  inches  of  compacted  material  placed 

in  1929  and  seal  treatments  were  given  to  some  sections  in  1929  and  1950 
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Table  2. — Results  of  tests  on  subgrade  soil  samples 


Section  and  location 


1,  A 
B 

2,  A 
B 

3,  A 
B 

4,  A 
B 

5,  A 
B 

6,  A 
B 

7,  A 
B 

8,  A 
B 

9,  A 
B 

10,  A 
B 

11,  A 
12.... 
13... 

15,  B 

16,  B 

17,  B 

18,  A 
B 

19,  A 

20,  A 
B 

21,  A 
B 


Mechanical  analysis  ' 


Particles 
larger 
than  2 
milli- 
meters 


Percent 
41 
27 
42 
42 
39 
51 
39 
46 
28 
50 
14 
51 
26 
39 
40 
41 
30 
24 
30 
29 
24 
45 
38 
43 
39 
26 
27 
37 
28 

4 
37 
46 

2 


Particles  smaller  than  2  millimeters 


Coarse 
sand,  2  to 
0.25  milli- 
meters 


Percent 
52 
42 
60 
60 
53 
41 
62 
41 
37 
54 
51 
45 
34 
28 
35 
22 
38 
47 
51 
20 
38 
27 
23 
35 
38 
28 
27 
49 
25 
17 
24 
11 
4 


Fine 
sand,  0.25 
to  0.05 
milli- 
meter 


Percent 
30 
32 
23 
28 
29 
30 
22 
33 
27 
26 
26 
31 
35 
38 
35 
41 
28 
35 
30 
17 
29 
24 
24 
33 
42 
36 
31 
35 
31 
25 
32 
24 
18 


Silt,  0.05 
to  0.005 
milli- 
meter 


Percent 
14 
19 
14 
10 
15 
23 
13 
20 
14 
14 
18 
14 
24 
21 
22 
25 
27 
15 
16 
33 
23 
34 
42 
20 
13 
23 
24 
11 
23 
28 
23 
39 
49 


Clay,  less 
than  0.005 
milli- 
meter 


Percent 
4 
7 
3 
2 
3 
6 
3 
6 
13 
6 
5 
10 
7 
13 
8 
12 
7 
3 
3 

30 
10 
15 
11 
12 
7 
13 
18 
5 
21 
30 
21 
26 
29 


Colloids, 
less  than 
0.001  mil- 
limeter 


Percent 
2 
1 
2 


Physical  characteristics  of  material  passing  no.  40  sieve 


Liquid 
limit 


Plasticity 
index 


Shrink- 
age limit 


20 


Shrink- 
age ratio 


1.8 
1.8 


1.7 


1.7 
1.7 

1.7 
1.8 
1.7 


1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.7 
1.6 
1.7 
1.6 
1.7 


1.6 
1.6 


1.6 
1.8 
1.7 

1.4 
1.4 


Moisture 
equivalent 


Centri- 
fuge 


Field 


Soil  group 


A-2 
A-4 
A-2. 
A-2 

A-4. 
A-2, 

A-7. 

A-2 


plastic. 

nonplastic. 
,  plastic. 
Do. 


A-4. 


plastic. 

Do. 

,  plastic. 

Do. 

Do. 

Do. 

Do. 


A-7 
A-2, 

A-7 

A-4 
A-7 
A-4 

A-2, 

A-4 
A^ 

A-2, 

A-7. 
A-4. 
A-5. 


Do. 

plastic. 
Do. 


,  nonplastic. 
Do. 


,  nonplastic. 
Do. 


Do. 


1  Particles  above  0.074  mm  in  diameter  by  sieve  method;  particles  below  0.074  mm  in  diameter  by  the  hydrometer  method. 


GENERAL    METHOD    OF    CONSTRUCTING    ROAD-MIX    SECTIONS 
DESCRIBED 

The  road-mix  type  of  construction  was  used  on  sec- 
tions, 1  to  13,  inclusive.  The  bituminous  materials  used 
on  these  sections  included  slow-curing  oils  of  60-70  and 
70-80  asphalt  content,  medium-curing  kerosene  cut 
backs  of  94+  asphaltic  oil  and  of  110-120  penetration 
asphalt,  and  emulsions  of  95+  asphaltic  oil  and  110-120 
penetration  asphalt  designated  as  95+  M,  95+  L  and 
110-120  M,  respectively.  Analyses  of  the  bituminous 
materials  are  given  in  tables  4  and  5.  Tests  on  these 
materials  were  made  according  to  the  methods  used  at 
the  time  of  construction  and  are  therefore  not  those 


now  generally  advocated.  The  approximate  Say  bolt  - 
Furol  viscosity  values  have,  however,  been  included  in 
the  tables  to  facilitate  comparison  with  present  grades 
of  asphaltic  materials. 

With  the  exception  of  the  70-80  slow-curing  oil,  the 
consistencies  of  the  liquid  asphaltic  materials  used  in 
the  road-mix  sections,  expressed  as  specific  viscosity, 
Engler,  at  122°  F.,  ranged  from  64  to  100.  In  terms  of 
Saybolt-Furol  viscosity,  the  range  is  from  255  to  400 
seconds.  For  the  medium-curing  cut-back  materials, 
20  to  25  percent  of  kerosene  was  required  in  the  manu- 
facture to  soften  the  base  asphalt  to  the  required  con- 
sistency. 
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Figure  1. — Typical  Condition  of  the  Old  Surface  at  Time 
of  Construction. 

The  bituminous  materials  were  delivered  in  tank  cars 
which  were  heated  to  about  100°  to  150°  F. ;  the  asphalt 
was  pumped  into  tank  trucks  and  hauled  to  the  job. 
A  detachable  pressure  distributor  was  used  for  spread- 
ing. 

The  aggregate  was  hauled  in  trucks  and  dumped  in 
two  windrows,  one  on  each  edge  of  the  roadbed.  The 
correct  amount  of  aggregate  was  obtained  by  measuring 
the  loads  at  the  place  of  loading  and  spreading  them 
over  measured  distances  on  the  road.  On  those  sec- 
tions requiring  the  addition  of  fines,  the  procedure  was 
to  add  this  material  to  the  top  of  the  windrows  and  then 
mix  the  two  together  before  applying  the  oil.  The 
grading  of  the  aggregate  was  determined  by  frequent 
sampling  and  testing  at  the  loading  plant  and  by  later 
tests  on  the  material  in  the  windrows  immediately 
before  applying  the  oil.  The  amount  of  fines  or  filler 
to  be  added  was  determined  from  frequent  mechanical 
analyses  of  the  aggregate  at  the  loading  plant. 

A  typical  grading  of  the  fine  muck-sand  added  to 
the  crusher-run  aggregate  on  a  number  of  the  sections 
to  increase  the  percentage  of  material  passing  the  no. 
200  sieve  was  as  follows: 
Screen  or  sieve  size:  Percent  passing 

%  inch 100.  0 

No.  10 99.  7 

No.  20 99.  0 

No.  30.. 98.  7 

No.  40 98.0 

No.  50 07.  2 

No.  80 SO.  1 

No.  100 82.  0 

No.  200 57.  3 

The  amount  of  bituminous  material  required  was 
determined  largely  from  the  appearance  of  the  mix,  the 
grading  of  the  aggregate,  and  the  results  obtained  dur- 
ing the  progress  of  the  work.  The  detailed  descriptions 
of  the  sections  show  the  grading  of  the  aggregate  and 
the  amount  of  water  determined  at  the  time  of  mixing. 
Table  3  gives  additional  information  from  tests  made 
on  the  mixes  at  different  intervals  following  the  con- 
struction. Comparisons,  of  the  amount  of  oil  used  and 
that  required  according  to  various  formulas  based  on 
the  grading  of  the  aggregate  can  be  made  from  the 
data  in  table  6. 

Prior  to  adding  the  bituminous  material,  one  windrow 
of  aggregate  was  moved  to  about  midway  between  the 


Figure 


l)i  ring  the  Spring,  Slides  Caused  Poor  Drain- 
age at  Numerous  Points. 


Figure  3. — The  Roadside  Crushing  Plant  Consisting  of  a 
Jaw   Crusher  and  a  Gyratory   Crusher. 


edge  and  the  center  of  the  roadway  and  spread  to  a 
width  of  approximately  LO  feet.  The  oil  was  then  ap- 
plied in  three  applications  and  disked  in  after  each 
application.  After  the  last  application  of  oil,  the  ma- 
terials were  mixed  with  blade  machines,  using  the 
usual  turn-over  method,  until  the  aggregate  had  a 
uniform  coating.  It  was  then  left  in  a  windrow  at  the 
edge  of  the  road  and  the  same  procedure  was  followed 
on  the  opposite  windrow,  after  which  the  2  were  com- 
bined and  mixed  again  5  or  6  t  imes  to  insure  uniformity. 

In  the  construction  of  those  sections  where  emulsions 
were  used  it  was  found  advantageous  to  blade  the  ma- 
terial into  a  windrow  following  each  application  of  oil 
and  subsequent  disking.  Blade  machines  were  used, 
one  on  each  edge  of  the  material,  each  turning  toward 
the  other,  followed  by  a  third  machine  which  flattened 
the  windrow  thus  formed  in  preparation  for  the  next 
application.  The  arrangemenl  of  equipment  is  shown 
on  the  cover  page. 

Upon  the  completion  of  the  mixing  process  tin1  ma- 
terial was  windrowed  to  the  center  of  the  road  and 
spread  bj  blading  toward  each  edge.  After  spreading 
to  the  full  width,  a  light  power  grader  was  used  to 
smooth  and  maintain  the  surface. 
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Table  4. — Analyses  of  bituminous  materials  vsed  on  various  sections  (asphalt  emulsions  excepted) 


Grade  and  type  of  material. 


How  and  where  used. 


Specific  gravity  at  25°  C 

Flash  point,  C.O.C.,  °C.._ 

Specific  viscosity  Engler  at  50°  C_ 

Approximate  Saybolt-Furol  at  50°  C,  seconds 

Specific  viscosity  Engler  at  100°  C 

Float  test  at  50°  C,  seconds 

Loss  163°  C,  5  hours,  50  centimeters,  percent 

Float  on  residue  at  50°  C,  seconds 

Loss  at  163°  C,  5  hours,  20  centimeters,  percent 

Float  on  residue  at  50°  C,  seconds 

Soluble  in  C  Sa,  percent 

Organic  matter  insoluble,  percent 

Inorganic  matter  insoluble,  percent 

Bitumen  insoluble  in  86°  B.  naphtha,  percent 

Residue  of  100  penetration,  percent 

Penetration  on  residue  at  25°  C,  100  centimeters,  5  seconds. 

Penetration  on  residue  at  0°  C.  200  centimeters,  60  seconds 

Softening  point  of  residue,  °C 

Ductility  of  residue  at  25°  C,  centimeters 

Ductility  of  residue  at  1.5°  C,  centimeters 


110-120  penetration 
asphalt  cut  back  with 
kerosene 


,    .',     Ml. I     ID 


0.970 

79 

78.9 

315 


13.28 

75.8 

17.39 

153.6 

99.  79 

.18 

.03 

8.05 

75.3 

103 

19 

44.2 

110+ 

7.0 


0.965 
80 

72.7 
290 


14.00 

89 

18.6 

207 

99. 82 

.13 

.05 

8.93 

76.2 

112 

25 

44.4 

110+ 

5.2 


0.  965 

77 

81.0 

325 


13.00 

78 

17.8 

188 

'M.  vs 

.11 

.01 

9.71 

75.7 

102 

22 

46.2 

110+ 

4.6 


60-70 
slow-cur- 
ing oil 


M  ix  on 
sec.  3 


0. 968 

143 

64.2 

255 


6.  6 

25.2 

9.2 

35.8 

99.79 

.18 

.03 

3.87 

61.0 

109 

23 

44.4 

110+ 

'1.8 


60-70  slow-cur- 
ing oil 


Mix  i 


i)  968 
142 

75.  7 
305 


11.0 

28.4 

14.5 

35.4 

99.  82 

.17 

.01 

3.03 

60.9 

104 

20 

42.6 

110+ 

7.2 


0.  9fiS 

145 

79.1 

315 


10.2 

28.8 

14.0 

34.8 

99.80 

.18 

.02 

4.17 

61.7 

113 

27 

39.8 

110+ 

1  2.0 


60-70 

slow-cur- 
ing oil 


sec.  5, 

premix  on 

sees.  11 

and  12 


ii  •.«,'.. 

149 

82.5 

330 


9.5 

29.7 

12.5 

39.6 

99.82 

.14 

.04 

4.44 

65.  4 

112 

21 

46.0 

87 

'  1.6 


60-70 
slow-cur- 
ing oil 


M  ix  on 

sec.  6 


0.968 

142 

69.  4 

280 


6.6 

25.4 

9.7 

35.2 

99.81 

.  16 

.03 

4.29 

61.8 

89 

19 

45.2 

110+ 

'2.2 


70-80  slow-cur- 
ing oil 


Mix  on 
and  8 


0.975 
174 


9.3 

32.4 

1.9 

40.4 

2.7 

41.8 

99.88 

.11 

.01 

3.61 

72.7 

89 

17 

45.  6 

110+ 

6.0 


0.979 
166 


12.1 
45 

1.9 

49.6 

2.8 

53 

99.82 

.16 

.02 

6.47 

77.2 

92 

19 

45.4 

110+ 

1.8 


Grade  and  type  of  material. 


How  and  where  used. 


94+  asphaltic 

oil  cut  back 

with  kerosene 


Mix  on  sees.  9 
and  10 


50-60  slow- 
curing  oil 


Priming  on 
left  lane  of 
sees.  14,  15, 
16,  and  17 


Priming  on 

right  lane  of 

sees.  14,  15, 

16,  and  17 


110-120 
penetration 
asphalt 
cut  back 
with  kero- 
sene 


150-200 

penetration 

asphalt 


Surface 
treatment 
on  sec.  14 


94+asphal- 
tic  oil 


Surface 
treatment 
on  sees.  15 

and  16 


110-120 

asphalt  cut 

back  with 

naphtha 


Surface 
treatment 
on  sec.  17, 


50-60  slow- 
curing  oil 


Priming  on 
sec.  18 


60-60  slow- 
curing  oil 


Priming  on 
sees. 18, 19, 
20,  and  21 


Specific  gravity  at  25°  C 

Flash  point,  C.O.C.,  °C : 

Specific  viscosity  Engler  at  50°  C _ 

Approximate  Saybolt-Furol  at  50°  C,  seconds 

Float  test  at  50°  C,  seconds 

Penetration  at  25°  C.,  100  centimeters,  5  seconds 

Softening  point,  °C 

Ductility  at  25°  C,  centimeters _ 

Loss  163°  C,  5  hours,  50  centimeters,  percent 

Penetration  on  residue  at  25°  C 

Float  on  residue  at  50°  C,  seconds 

Loss  at  163°  C,  6  hours,  20  centimeters,  percent 

Penetration  on  residue  at  25°  C. 

Float  on  residue  at  50°  C,  seconds 

Soluble  in  CSj,  percent 

Organic  matter  insoluble,  percent 

Inorganic  matter  insoluble,  percent 

Bitumen  insoluble  in  86°  B.  naphtha,  percent 

Residue  of  100  penetration,  percent. 

Penetration  on  residue  at  25°  C.  100  centimeters,  5  seconds. 

Penetration  on  residue  at  0°  C .  200  centimeters,  60  seconds . . . 

Softening  point  of  residue,  °C 

Ductility  of  residue  at  25°  C,  centimeters 

Ductili  y  of  residue  at  1.5°  C,  centimeters 


0.971 


100.  2 
400 


12.6 


114 
15.4 


202 

99.87 

.10 

.03 

9.97 

76. 8 

98 

17 

45.4 

110+ 

10 


0.966 

85 

92.2 

370 


0.945 

117 

18.8 

75 


0.943 

68 

17.2 

70 


1.004 
262 


1.011 
243 


0.958 

38 

51.9 

240 


12.9 


8.4 


105 
16.0 


22.8 
12.9 


23.1 

"""88 
30.5 


265 
181 

39.8 
110+ 

0.29 
168 


248 

199 

40.8 


ii  :ms 

123 

20.7 

85 


0.945 

115 

17.6 

70 


0.25 
150 


17.7 
124 


11.2 


8.6 


17.8 
92 


24 

15.7 


21.8 
12.8 


192 

99.90 

.08 

.02 

9.85 

76.5 

87 

16 

45 

110 

4.2 


49.2 

99.88 

.07 

.05 

5.45 

58.8 

94 

23 

44.8 

86 

4.0 


204 
99.91 

.07 

.01 
13.2 
65.5 

102 


V.i.  VI 

.06 

.02 

8.08 


99. 


.04 

9.81 


99.  89 

.08 

.03 

7.92 

78.8 

91 


45.  6 

99.88 

.07 

.05 

6.14 

58.8 

98 

19 

43 

110+ 

4.5 


51.2 

99.87 

.09 

.04 

4.92 

58.8 

103 

21 

45.3 

110+ 

5.0 


>  Materia)  did  not  pull  to  a  thread. 

Table  5. — Analyses  of  typical  asphaltic  emulsions  used  on  the  various  sections 


Grade 95+L       95+M       95+L2       94+L2    90-95  L3   110-120  M   Standard  Standard 


How  and  where  used. 


Mix  on 
sec.  13 
and  seal 
on  sees. 
12  and  13 


Mix  on 
sees.  11 
and  12 


Seal 
on  sees. 
11,  12, 
and  13 


Surface 

treatment 

on  sec.  19 

and  right 

lane  on 

sec.  18 


Surface 

treatment 

on  left 

lane 

sec. 18 


Mix  on 
sec. 11 


Surface 
treatment 

on  sees. 
20  and  21 


Surface 
treatment 
on  sec.  21 


Specific  gravity,  25°/25°  C 

Specific  viscosity,  Engler,  at  50°  C 

Distillation  to  260°  C: 

Water,  percent  by  weight 

Oil,  percent  by  weight 

Residue,  percent  by  weight 

Tests  on  residue: 

Specific  gravity,  25°/25°  C 

Penetration  at  25°  C 

Softening  point,  °C 

Ductility  at  25°  C 

Bitumen  soluble  in  CSi,  percent 

Organic  matter  insoluble,  percent- .. 

Inorganic  matter  insoluble,  percent. 


1.008 


1.009 


41.9 

.1 

68.0 

1.012 
126 
41.6 
79 
99.04 
.05 
.91 


40.1 

.1 

59.8 

1.020 
110 

48.2 

47 

94.87 

2.54 

2.59 


48.4 

"si.e 


148 


1.009 
2.8 

42.8 

.1 

67.1 

1.014 

202 

42.4 

110+ 

96.67 

.37 

2.96 


1.006 
2.9 

42.4 

Trace 
57.  6 

1.009 

234 

35.6 

81 

98.05 

.55 

1.40 


1.010 
1.9 

50.9 

.2 

48.9 

1.017 

98 

48.8 

50 

94.09 

2.64 

2.77 


1.007 
1.7 

43.2 

Trace 
56.8 

1.008 
142 
43.8 
92 
99  mi 
.18 
.82 


1. 011 

2.7 

42.3 
.05 

57.7 

1.012 

164 

44.4 

110+ 

98.73 

.44 

.83 
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Table  6. — Amounts  of  bituminous  material  used  on  the  different  road-mix  sections  (exclusive  of  seal  coat)  and  the  amounts  indicated  bt 

various  formulas 


Calculated  amount  of  bitumen  exclusive  of  solvent 
and  water  in  mix  (percent)  2  3 

Average 
amount 
of  bitu- 
men 1 
year  after 
construc- 
tion, by 
extrac- 
tion 

Amount  of  bituminous  ma- 
terials required  according 
to  various  formulas ' 

Remarks  on  richness  of  the  mix  as 
indicated  by  service  behavior 

Section 

Stanton, 
Calif. 

Utah 

Wyo- 
ming, 
N.  Dak. 

1,  A                

4.23 .._ 

3.3 
3.6 
3.3 
3.6 
3.8 
3.1 

2.7 
3.7 
3.7 
2.1 
4.6 
4.0 
4.2 
3.8 
4.4 
2.3 
4.5 
3.9 

3.7 

2.8 
2.7 

3.1 
4.0 
4.0 
2.5 
4.9 
4.2 
4.5 
4.0 
4.5 
2.8 
4.8 
4.2 

3.8 

3.1 
3.0 

2.9 
4.1 
4.1 
2.1 
5.2 
4.3 
4.8 
4.1 
4.8 
2.4 
6.0 
4.3 

3.9 

2.9 

2.8 

Slightly  lean  without  seal. 

1,  B                                                        

4.33     .                                

Do. 

1,  C 

5.53     .                     

2 

3.63 

Rich. 

3  ..                                                 

4.4   ..                   

Satisfactory  without  seal. 

4                                                      

5.0                   

Do. 

5 

4.8     .                            

Slightly  lean  without  seal. 

6 

4.2                                      -. - 

7            

6.1 

5.1 
3.5 
3.5 
4.0 

}          3.9 

}          « 

Satisfactory. 

8                                                            

4.0 --- 

Rich. 

9 

4.2                                 

Slightly  lean  without  seal. 

10 

3.5                                       

(2  6-3.5  emulsion 3 .  ..  

11 

Sufficient  but  poorly  distributed. 

/3. 3-3.6  emulsion  3       

12 

Do. 

13 

3.53    .                       

1  These  formulas  are  all  based  on  the  division  of  the  aggregate  on  the  no.  10  and  no. 
200  sieves: 

P=  Percent  of  oil  required. 

a  =  Percent  of  aggregate  retained  on  the  no.  10  sieve. 
6=  Percent  of  aggregate  passing  to  no.  10  and  retained  on  the  no.  200  sieve. 
c=  Percent  of  aggregate  passing  the  no.  200  sieve. 

|0.15c  for  fine  aggregate. 
Stanton,  Calif.:  P=0.02a+0.0456-H0.18c  for  average  aggregate. 

[0.20c  for  coarse  aggregate. 
Utah:  P=0.02a+0.0336+0.195c+H  (7/  is  an  absorption  factor  and  is  usually 

taken  as  0.5). 
Wyoming  and  North  Dakota:  P=1A  (0.015a -l-0.036-l-0.17c). 

An  8-ton  tandem  roller  was  used  to  obtain  final  com- 
paction on  the  road-mixed  emulsion  sections  and  cut- 
back asphalt  sections.  The  sections  built  with  slow- 
curing  oil  were  not  rolled  but  were  compacted  entirely 
by  traffic. 

Obstructions,  as  shown  in  figure  4,  A,  were  devised 
to  guide  the  traffic  so  as  to  compact  the  full  width  of 
the  surfacing.  These  were  moved  at  frequent  intervals 
to  distribute  traffic  as  required.  The  road-mix  sections 
were  built  in  1929  and  their  behavior  up  to  the  final 
inspection  in  October  1932  is  discussed  in  the  following 
pages. 

ROAD-MIX  SECTIONS  DESCRIBED  IN  DETAIL 

Section  1. — The  section  consisted  of  a  road-mix  with 
medium-curing  cut-back  asphalt.  The  mix  was  com- 
posed of  crushed  rock  and  110-120  penetration  asphalt 
cut  back  with  kerosene.  The  section  was  divided  into 
three  parts  in  order  to  investigate  the  use  of  differently 
graded  aggregates  and  different  amounts  of  binder. 

Section  1-A,  at  eastern  end  of  the  project,  was  639 
feet  long  and  was  surfaced  with  crusher-run  stone 
(three-fourths  inch  to  dust)  mixed  with  1.71  gallons 
per  square  yard  of  cut-back  asphalt.  Tbe  aggregate 
contained  0.5  percent  moisture  and  the  mechanical 
analysis  was  as  follows: 

Passing —  Percent 

54-inch  screen 100.  0 

H-inch  screen 76.  5 

No.  3  sieve .__     46.  0 

No.  10  sieve 13.  0 

No.  200  sieve 2.  5 

Section  1-B  was  6G0  feet  long  and  was  surfaced  with 
crusher-run  stone  (three-fourths  inch  to  dust)  with  an 
admixture  of  fines  to  increase  the  percentage  of  dust 
and  was  mixed  with  1.92  gallons  per  square  yard  of 
cut-back  asphalt  of  the  same  grade  as  used  on  section 
1-A.  The  aggregate  contained  2.5  percent  moisture 
and  the  mechanical  analysis  was  as  follows: 


2  The  percentage  of  bituminous  material  by  weight  were  calculated  on  the  basis  < 
the  specific  gravities  of  the  bituminous  materials  as  given  in  tables  4  and  5  and  th 
following  unit  weights  of  loose  aggregates:  p       . 

cubic  foot 

Gravel 100 

Close  graded  crushed  stone 90 

Crusher-run  stone -    85 

Open  graded  crushed  stone - --    SO 

3  The  quantities  of  cut  back  and  emulsion  have  been  corrected  for  solvent  or  wat( 
using  56  percent  of  bitumen  for  the  emulsions  and  80  percent  residual  bitumen  for  th 
cut  backs. 

Passing —  •?««« 

%-inch  screen 100.  i 

^-inch  screen 72. 

No.  3  sieve 49. 

No.  10  sieve 28. 

No.  200  sieve 7. 

Section  1-C  was  1,320  feet  in  length  and  was  iden 
tical  with  section  1-B  as  to  aggregate  and  type  o 
binder.  The  section  was  mixed  at  the  same  time  a 
1-B  using  2.26  gallons  per  square  yard  of  the  cut-bad 
material.  The  mixed  material  was  spread  and  com 
pacted  by  traffic  for  8  days.  A  wide  spread  in  bitu 
minous  content  was  desired  betwen  sections  1-C  an< 
the  other  sections  and  at  this  time  it  was  evident  tha 
a  greater  amount  of  bituminous  material  could  be  use< 
without  causing  instability.  The  section  was  there 
fore  scarified  and  remixed  with  the  addition  of  0.21 
gallon  per  square  yard. 

No  difficulty  was  encountered  in  handling,  applying 
or  mixing  the  cut-back  material.  Less  mixing  seeme* 
to  be  necessary  than  with  the  slow-curing  oils  of  simila 
viscosity.  The  mixture  on  sections  1-B  and  1-C 
which  contained  added  fines,  compacted  and  bondec 
much  more  quickly  under  traffic  than  did  section  1-i 
where  fines  were  not  added.  The  edges  of  these  se^ 
tions  were  rolled  about  10  days  after  construction  an< 
were  greatly  improved  in  appearance.  By  that  tim> 
the  traveled  portion  of  the  roadway  had  compactei 
to  such  an  extent  that  rolling  of  this  portion  was  no 
considered  necessary. 

Cost  of  section  1: 

1-A — 46.94  cents  per  square  yard  or  $5,507  per  mill 
1-B — 51.18  cents  per  square  yard  or  $6,00.5  per  mile. 
1-C — 58.57  cents  per  square  yard  or  $6,872  per  mile. 

All  three  sections  were  in  good  condition  whe: 
inspected  3  years  after  the  construction.  The  surface 
were  free  from  rich  areas  such  as  developed  extensivel; 
on  some  of  the  slow-curing  oil  sections.  Sectio 
1-C  which  had  the  highest  asphalt  content,  retaine 
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Figure  4. — A,  Obstructions  Used  to  Guide  Traffic  so  as  to  Compact  Entire  Surface;  B,  The  Relatively  Quick-Breaking 
Emulsion  Used  on  Sections  11  and  12  Produced  a  Mixture  Which  was  Difficult  to  Compact;  C,  A  Uniform  Mix 
Which  Compacted  Readily  Was  Obtained  on  Section  13  by  the  Use  of  a  Slow-Breaking  Emulsion;  D,  The  Leanness 
of  Section  13  Resulted  in  Raveling  Which  Continued  Until  the  Surface  Was  Sealed. 


the  most  wear-resistant  surface.  Sections  1-B  and 
1-A  began  to  show  slight  signs  of  surface  raveling  dur- 
ing 1932  and  were  given  a  light  seal  treatment  of  0.15 
gallon  of  90-95  asphaltic  oil  applied  hot  and  a  cover 
of  11  pounds  of  ji-to  %-inch  crushed  stone  per  square 
yard. 

Except  for  the  seal  treatment,  the  only  maintenance 
required  had  been  the  skin  patching  of  a  few  small 
areas  on  section  1-A  where  the  surface  cracked  due 
to  movement  in  the  subgrade. 

Section  2. — The  section  consisted  of  a  road-mix  of 
cut-back  asphalt  and  open  graded  crushed-stone 
aggregate.  The  aggregate  was  %-  to  Ji-inch  crushed 
stone  bound  with  1.4  gallons  per  square  yard  of  1 10— 
120  penetration  asphalt  cut  back  with  kerosene 

The  moisture  contenl  of  the  aggregate  was  0.25 
percent  and  the  mechanical  analyses  were  as  follows: 


Passing- 
s-inch screen 
H-inch  screen 
No.  3  sieve.. 
No.  10  sieve.. 
No.  200  sieve. 


Sample  A 


Sample  n 


1 

100.0 

100.0 

SO.  0 

41.0 

1  n 

.25 

0 

Mixing  was  completed  on  this  section  with  con 
ably  less  effort  than  on  section  1  where  the  aggregate 
included  lines.     The  cut-back  asphalt  readily  and  thor- 
oughly coated  all  of  the  stone  panicles.     The  mix,  how- 


ever, compacted  and  bonded  slowly  with  the  result  that 
for  several  days  some  aggregate  was  displaced  by  traffic. 
Less  displacement  of  aggregate  would  probably  have 
occurred,  not  only  on  this  section  but  also  on  section  1, 
had  the  mix  been  allowed  to  cure  until  somewhat  tacky 
before  being  spread  and  compacted. 

The  cost  of  the  surface  was  66.50  cents  per  square 
yard,  or  $7,802  per  mile. 

As  a  result  of  the  use  of  the  medium-curing  type  of 
cut-back  asphalt,  instead  of  the  rapid-curing  type  which 
would  have  been  better  suited  to  the  open-graded  aggre- 
gate, the  mix  did  not  develop  high  stability  until  about 
2  years  after  construction.  The  surface  of  this  section 
remained  in  excellent  condition  although  the  indica- 
tions were  that  it  was  somewhat  rich  when  constructed. 

Probably  a  better  design  lor  this  section  would  have 
been  a  leaner  mix  with  a  light  seal  treatment  to  provide 
the  necessary  resistance  to  displacement.  Maintenance 
had  been  limited  to  a  few  small  skin  patches  where  the 
surface  cracked  or  slight  surface  depressions  had  de- 
veloped. 

Section  3. — A  slow-curing  oil  was  mixed  with  a  close- 
graded  gravel.  The  surface  was  composed  of  25-per- 
cent  uncrushed,  washed  gravel  1  to  %  inch  in  size  and 
75  percent  of  crushed  gravel  %i  inch  to  dust,  bound 
with  a  60-70  oil  applied  at  the  rate  of  1.70  gallons  per 
square  yard.     The  moisture  content  of  th<  ato 

was  3  percent,  and  the  mechanical  analyses  were  as 
follow-: 
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Sample  A 

Sample  B 

Passing— 

lH-inch  screen 

Percent 
100.0 
98.0 
91.0 
78.0 
62.0 
40.0 
11.0 

Percent 
100.0 

97.0 

?i-inch  screen 

88.0 

H-inch  screen 

75.0 

No.  3  sieve,. 

60.0 

No.  10 sieve .-. 

41.5 

No.  200  sieve.- 

11.5 

The  materials  were  mixed  readily  and  the  mixture,  on 
being  spread,  appeared  quite  dark  in  color  for  a  typical 
oil-mix.  It  seemed  to  compact  more  rapidly  under 
traffic  than  did  the  other  oil  and  crushed-stone  mixes. 
The  mix  appeared  richer  than  the  stone  mixes  having  the 
same  grading  of  aggregate  and  amount  of  oil  This  was 
probably  due  to  the  relatively  liigh  percentage  of  mois- 
ture in  the  aggregate. 

The  cost  of  the  surface  was  69.68  cents  per  square 
yard  or  $8,175  per  mile.  Its  high  cost  was  due  largely 
to  the  use  of  gravel  aggregate  which  was  shipped  h\ 
rail. 

The  action  of  moisture  on  the  mix  seems  to  have 
been  more  pronounced  than  on  section  4  where  crushed 
stone  aggregate  was  used.  The  surface,  except  for  a 
small  area  on  the  west  end  where  drainage  and  sub- 
grade  conditions  were  bad,  remained  generally  hard  and 
stable  until  the  spring  of  1931  when  it  softened  quite 
generally,  necessitating  scarifying  and  remixing  of 
about  500  lineal  feet  on  the  east  end  and  700  feet  on 
the  west  end. 

It  should  be  noted  that  the  portions  which  failed 
first  on  this  section,  as  well  as  on  section  4,  were  those 
where  the  mix  appeared  somewhat  rich  in  oil  at  the 
time  of  construction.  Poor  drainage  and  subgrade  con- 
ditions, which  prevailed  on  several  small  portions  of 
the  section,  also  seemed  to  greatly  hasten  the  softening 
of  the  surface. 

During  the  summer  of  1932  a  seal  treatment  of  one- 
fourth  gallon  of  90-95  hot  asphaltic  oil  and  a  cover  of 
16.5  pounds  of  one-fourth-  to  one-eighth-inch  crushed 
stone  was  added  to  several  portions  of  the  section  on 
which  the  mix  had  not  softened  appreciably.  The  area 
treated  was  mostly  over  fills  and  totaled  3,111  square 
yards,  or  slightly  more  than  half  of  the  entire  section. 

Section  4- — A  slow-curing  oil  was  mixed  with  a  close- 
graded  crushed  stone.  The  mix  was  composed  of 
crusher-run  stone,  three-fourths  inch  to  dust,  with  fines 
added  as  filler,  and  60-70  oil  applied  at  the  rate  of 
1.78  gallons  per  square  yard.  The  aggregate  contained 
from  2.75  to  3  percent  of  moisture  and  the  mechanical 
analyses  were  as  follows: 


Sample  A 

Sample  B 

Passing— 

1-inch  screen 

Perfi  /il 
J  00.0 
94.0 
79.5 
64.0 
37.0 
7.5 

Percent 
100.0 
92.0 
79.0 
64.0 
38.0 
7.5 

K-inch  screen 

^4-inch  screen 

No.  3  sieve 

No.  lOsieve 

No.  200  sieve 

Sections  4,  5,  and  6  were  designed  to  have  practically 
identical  mixes  except  as  to  percentage  of  oil  used. 
Sections  5  and  6,  however,  were  surface  treated  while 
section  4  was  not. 

The  cost  of  the  surface  was  44.57  cents  per  square 
yard  or  $5,229  per  mile. 

The  surface  remained  in  good  condition  generally. 
The  mix  appeared  somewhat  lean  at  the  time  of  con- 
struction but  no  appreciable  raveling  occurred.     Sof- 


tening of  the  mix  did  not  develop  to  the  extent  that  it 
did  on  section  3  although  it  was  necessary  to  scarify  and 
remix  about  500  feet  on  the  east  end  during  the  summer 
of  1931.  This  portion  was  almost  entirely  in  a  cut 
where  the  drainage  and  subgrade  were  not  satisfactory. 
A  seal  treatment,  similar  to  that  used  on  section  3,  was 
applied  in  1932  to  several  short  portions  totaling  666 
square  yards  where  the  surface  was  beginning  to  ravel, 
particularly  along  the  edges. 

Section  5. — A  slow-curing  oil  was  mixed  with  a  close- 
graded  crushed  stone  and  followed  with  a  light  seal. 
The  mix  was  composed  of  crusher-run  stone,  three- 
fourths  inch  to  dust,  with  fines  added  and  1.7  gallons  of 
60-70  oil.  After  compaction  a  light  seal  treatment  of 
60-70  oil  and  a  cover  of  %-  to  %-inch  screenings  was 
applied.  The  aggregate  contained  from  2.75  to  3.25 
percent  of  moisture  and  the  mechanical  analyses  were 
as  follows: 


Sample  A 

Sample  B 

Passing— 

]-inch  screen _ _ 

Percent 
100.0 
95.0 
72.0 
54.0 
33.0 
9.0 

Percent 
100.0 

%-inch  screen 

93.0 

H-inch  screen 

80.0 

No.  3  sieve 

69.0 

No.  lOsieve 

44.0 

No.  200 sieve. 

9.25 

After  the  surface  had  been  down  about  35  days  and 
had  become  thoroughly  compacted,  it  was  swept  clean 
with  a  power  broom  and  a  light  seal  treatment  of  60-70 
oil  was  applied.  The  oil  was  heated  to  about  140°  F. 
and  was  applied  at  the  rate  of  0.17  gallon  per  square 
yard  on  the  right  half  of  the  surface  and  at  the  rate  of 
0.10  gallon  on  the  left  half.  A  cover  of  about  19  pounds 
of  }i-  to  }£-inch  screenings  was  then  spread,  following 
which  the  surface  was  rolled  with  an  8-ton  tandem 
roller.  The  major  portion  of  this  cover  material  was 
thrown  to  the  sides  by  traffic  due  to  the  inability  of  the 
slow-curing  oil  to  hold  the  aggregate  cover. 

The  appearance  of  the  surface  before  applying  the 
seal  treatment  seemed  to  indicate  a  slight  deficiency  in 
oil  which  would  probably  have  resulted  in  some  raveling 
had  not  the  seal  treatment  been  applied.  The  principal 
effect  of  the  treatment  was  to  enrich  the  surface  and 
make  it  more  resistant  to  the  wear  of  traffic.  The  cost 
of  the  surface  was  52.03  cents  per  square  yard  or 
$6,105  per  mile. 

In  general,  tins  section  had  remained  in  better  condi- 
tion than  either  sections  3  or  4.  Although  there  were 
some  indications  of  softening  of  the  mix  in  a  few  small 
local  areas,  failures  did  not  develop  sufficiently  to  affect 
the  generally  good  condition  of  the  surface. 

Maintenance,  except  for  some  skin  patching,  had 
consisted  of  scarifying  and  remixing  in  the  summer  of 
1931  of  about  200  feet  of  surface  on  the  east  end  and 
the  application  of  an  additional  seal  treatment  during 
the  summer  of  1932  to  751  square  yards  of  the  surface 
which  was  beginning  to  show  some  signs  of  wear.  This 
treatment  was  similar  to  that  applied  to  sections  3  and 
4  except  that  one-fourth  gallon  of  bituminous  material 
and  16.4  pounds  of  cover  were  used  per  square  yard. 

Section  6. — The  section  consisted  of  slow-curing  oil 
mixed  with  crushed  stone  with  a  light  surface  treatment. 
The  mix  was  composed  of  crushed  stone,  three-fourths 
inch  to  dust,  without  the  addition  of  fines,  and  60-70 
oil  at  the  rate  of  1.40  gallons  per  square  yard.  A  light 
surface  treatment  was  applied  late  in  the  fall.  The 
aggregate  contained  2.5  percent  moisture  and  the 
mechanical  analvses  were  as  follows: 


January  1935 


PUBLIC    ROADS 


261 


Sample  A 

Sample  H 

Qg  — 

Ji -inch  screen                                     - 

Percent 



71.5 
6.S 

! '    cent 

94.  () 

H-inch  screen. .. 

81  :i 

sieve 

64  5 

No.  10  sieve 

34   1 

No.  200  sieve 

- 

The  mix  in  this  experiment  was  purposely  made  lean 
as  a  surface  treatment  was  to  be  applied  later.  Some 
raveling  and  pot-holing  occurred  during  the  period  of 
about  2  months  which  intervened  between  the  placing 
of  the  mix  and  the  applying  of  the  surface  treatment 
and  it  is  doubtful  if  the  untreated  oil-mix  surface  could 
have  gone  through  the  first  winter  without  considerable 
failure. 

Previous  to  the  application  of  the  surface  treatment 
the  surface  was  swept  and  all  holes  patched.  A  94  + 
grade  of  asphaltic  oil  heated  to  about  400°  F.  was 
applied  at  the  rate  of  0.28  gallon  on  the  right  half  of 
the  roadway  and  0.22  gallon  on  the  left  half.  It  was 
immediately  covered  with  18.7  pounds  per  square  yard 
of  }i-  to  %-inch  stone  and  then  rolled.  A  different 
amount  of  oil  was  used  on  each  half  of  the  road  width 
in  order  to  obtain  information  as  to  the  most  economical 
amount  to  use.  As  the  treatment  was  not  applied 
until  late  in  the  fall,  cold  weather  prevented  complete 
cementing  of  the  cover  stone  and,  as  a  result,  some  of 
the  aggregate  was  displaced  by  traffic.  It  was  not 
until  the  following  summer  that  the  oil  warmed  suffi- 
ciently to  come  up  through  the  stone  and  at  that  time 
some  additional  cover  had  to  be  added  to  stop  bleeding. 

The  cost  of  the  mix  and  surface  treatment  was  47.17 
cents  per  square  yard  or  $5,534  per  mile.  The  mix 
alone  cost  37.88  cents  per  square  yard  or  $4,444  per 
mile. 

This  section  had  remained  in  excellent  condition. 
The  surface  was  free  from  soft  spots  such  as  occurred  on 
some  of  the  other  sections  with  light  oil  mixes.  Such 
little  maintenance  as  had  been  required  consisted  of 
applying  a  few  small  seal  patches. 

Section  7. — A  slow-curing  oil  was  mixed  with  a  close- 
graded  crushed  stone.  The  mix  was  composed  of 
crushed  stone,  three-fourths  inch  to  dust  with  which 
fines  were  added,  and  70-80  oil  at  the  rate  of  2.16 
gallons  per  square  yard.  The  aggregate  contained 
from  1.5  to  3  percent  moisture  and  the  mechanical 
analyses  were  as  follows: 


Sample  A 

Sample  B 

Passing— 

I'ircent 
100.0 
79.  5 
65.  0 
45.5 
11.0 

Perct  n! 
100.  0 

84  5 

70.0 

41.0 

No.  200  sieve .. - 

6.5 

Considerable  difficulty  was  encountered  in  mixing 
the  70-80  oil  because  of  cold  weather  during  construc- 
tion. The  quantity  of  oil  first  tried  was  1.93  gallons 
per  square  yard.  Since  this  did  not  appear  to  be 
sufficient  an  additional  0.23  gallon  was  used.  The  mix 
compacted  rapidly  and  developed  an  excellent  nonskid 
surface  texture.  The  oil  seemed  to  have  better  adhe- 
sive properties  than  did  the  60-70  oil  but  was  less 
adhesive  than  the  cut-back  asphalts. 

The  cost  of  the  mix  surface  was  47.82  cents  per  square 
yard  or  $5,611  per  mile. 

Softening  of  the  mix  developed  early  on  about  600 
feet  on  the  west  end  and  on  about  200  feet  on  the  east 
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end.  These  portions  appeared  rich  at  the  time  of 
construction  and  the  soil  and  drainage  were  noi 
satisfactory  as  on  the  other  portions  of  the  section. 
The  soft  places  were  scarified  and  remixed  during 
1931.  In  1932  a  seal  treatment,  similar  to  that  used 
on  a  portion  of  section  5,  was  applied  to  265  lineal  feet 
where  the  surface  was  beginning  to  wear.  The  section 
u  as  in  good  condition  at  the  time  of  the  last  inspection. 
Section  8. — A  slow-curing  oil  was  mixed  with  an 
open-graded  crushed  stone.  The  mix  was  composed  of 
crushed  stone,  three-fourths  to  one-eighth  inch  in  size 
and  a  70-80  oil  at  the  rate  of  1.21  gallons  per  square 
yard.  The  aggregate  contained  from  0.2  to  3.5  percent 
moisture  and  mechanical  analyses  were  as  follows: 


Sample  \ 

Sample  11 

Passing 

tj-inrh  screen      .   . 

Percent 

100.0 

si  '.i 

52  ii 

7.0 

1.0 

l'irr,  ill 

100.  0 
S3,  9 
18  2 

No.  10  sieve . 

5  (i 

No.  200  sieve 

1   n 

The  material  was  mixed  very  quickly  and  was  al- 
lowed to  remain  in  the  windrows  for  several  days  before 
it  was  spread.  Compaction  took  place  slowly  and 
there  was  appreciable  displacement  of  stone  under 
traffic  for  several  days  during  the  early  compaction. 
Rolling  was  finally  resorted  to  and  aided  considerably 
in  compressing  and  smoothing  the  loose  surface  material. 
The  surface  obtained  was  more  open  than  was  desired 
but,  in  accordance  with  the  original  plan,  it  was  not 
given  a  seal.  The  early  behavior  of  this  section  and  the 
difficulty  in  compaction  was  similar  to  that  experienced 
on  section  2  where  a  110-120  penetration  asphalt  cut 
back  with  kerosene  was  used.  The  cost  of  the  surface 
was  59.55  cents  per  square  yard,  or  $6,987  per  mile. 

In  the  spring  following  construction  this  section 
failed  by  rutting  extensively  under  the  truck  traffic  inci- 
dent to  the  construction  of  sections  in  1930.  Although 
the  west  half  of  the  section,  which  was  in  a  cut  where 
the  subgrade  soil  and  drainage  were  bad,  failed  first 
and  most  extensively,  it  was  evident,  even  on  the  good 
subgrade,  that  the  mix  lacked  sufficient  stability.  The 
section  was  considered  unsatisfactory  and  it  was  discon- 
tinued as  an  experiment  during  the  fall  of  1930. 

Section  9. — A  close-graded  crushed  stone  was  mixed 
with  a  kerosene  cut-back.  The  mix  was  composed  of 
crushed  stone,  three-fourth  inch  to  dust,  with  muck-sand 
filler  added,  and  94+  asphaltic  oil  cut  back  with  kero- 
sene and  applied  at  the  rate  of  1 .86  gallons  per  square 
yard.  The  aggregate  contained  from  1  to  2  percent 
moisture  and  mechanical  analyses  were  as  follows: 


Sample  A 

Sample  B 

Passing- 
s-inch screen 

Percent 
98  o 
82.0 
67.5 
41.0 
9.0 

Percent 
96.5 

VS-inch  screen 

83.6 

No.  3  sieve.- 

70.0 

No.  10  sieve 

48.5 

No.  200  sieve.  . 

11.0 

On  account  of  a  delay  in  shipment  of  a  portion  of  the 
cut-back  material  for  this  section,  several  days  inter- 
vened between  the  mixing  of  the  two  windrows.  The 
south  windrow  was  mixed  and  left  to  cure  for  4  days 
before  being  combined  with  the  north  windrow.  Such 
slight  hardening  as  occurred  in  the  mix  did  not  seem  to 
add  difficulty  to  the  final  processing  or  compaction  and 
seemed  to  aid  in  obtaining  early  compaction  with  much 


262 


PUBLIC   ROADS 


Vol.  15,  no.  11 


less  raveling  under  traffic.  The  section  was  rolled 
during  the  early  compaction.  The  cost  of  the  surface 
was  50.81  cents  per  square  yard,  or  $5,962  per  mile. 

This  section  had  remained  in  excellent  condition. 
Practically  no  maintenance  had  been  required  although 
it  appeared  that  a  light  seal  coat  would  probably  be 
beneficial.  The  surface  was  nonskid,  uniform  in  color, 
and  free  from  soft  spots. 

Section  10. — A  kerosene  cut-back  and  was  mixed 
with  close-graded  gravel.  The  mix  was  composed  of  a 
close-graded  gravel,  such  as  was  used  on  section  3,  con- 
taining sufficient  fines  without  the  addition  of  filler  and 
a  94+  asphaltic  oil  cut  back  with  kerosene.  A  small 
amount  of  cut-back  asphalt  of  110-120  penetration 
was  also  used.  The  aggregate,  containing  0.5  to  0.6 
percent  moisture,  was  analyzed  as  follows: 


Sample  A 

Sample  B 

Passing- 

Percent 
93.0 
81.0 
63.2 

56.4 

36.7 

7.5 

Percent 

99.0 

85.5 

77.5 

63.0 

No.  lOsieve -.  .-  .-     --  .-  --.  .  -. 

37.  5 

No.  200  sieve 

6.8 

The  asphaltic  material  used  in  the  mix  consisted  of 
1 .58  gallons  of  94+  cut  back  and  0.14  gallon  of  1 10-120 
cut  back,  the  latter  being  added  to  make  up  for  the 
shortage  of  the  former. 

The  material  for  the  left  half  of  the  road  was  pro- 
cessed and  windrowed  5  days  before  processing  the 
other  half.  Four  days  after  mixing  the  second  windrow 
the  two  were  mixed  together  and  spread.  The  surface 
was  rolled  on  the  following  day.  Here,  as  on  section  9, 
the  short  period  of  curing  seemed  to  have  been  of 
considerable  benefit  as  the  mixture  compacted  quickly 
and  a  smooth  hard  surface  was  obtained. 

The  total  cost  of  the  surface  was  71.19  cents  per 
square  yard  or  $8,353  per  mile.  The  high  cost  of  this 
experiment  is  due  largely  to  the  freight  charges  on  the 
gravel,  which  was  shipped  a  long  distance  by  rail. 

The  surface  was  in  excellent  condition  except  for  200 
feet  on  the  west  end  where  bad  subgrade  and  drainage 
conditions  had  resulted  in  some  displacement  and 
cracking.  The  surface  appeared  much  richer  than 
that  of  section  9  and  was  less  nonskid.  Except  for 
some  patching  on  the  west  end  and  at  a  few  locations  on 
the  edges,  no  maintenance  had  been  required. 

Section  11 . — This  section  was  road-mix,  composed  of 
asphaltic  emulsion  and  crusher-run  stone,  three-fourths 
inch  to  dust.  The  aggregate  was  first  mixed  with  0.48 
gallon  of  60-70  oil,  after  which  1.54  gallons  of 
110-120  M  asphaltic  emulsion  was  applied  and  mixed. 
The  portion  between  stations  361+39  and  353  +  59 
was  enriched  by  adding  0.49  gallon  of  95+  M  asphaltic 
emulsion. 

A  seal  treatment  consisting  of  0.30  gallon  of  a  mixture 
of95+M  and  95+ L  emulsions  and  about  11  pounds 
of  y4-  to  }£-ineh  cover  stone  was  applied  to  the  portions 
between  stations  361  +  39  and  357  +  49  and  between 
349  +  69  and  the  west  end  of  the  section.  The  remain- 
ing portion  of  the  section  was  left  until  the  following 
summer  when  it  also  was  sealed,  using  0.18  gallon  of 
95+ L2  asphaltic  emulsion  on  the  left  half  of  the  road- 
way and  0.17  gallon  on  the  right  half,  with  a  cover  of 
1 1  pounds  per  square  yard  of  y2-  to  ^-inch  stone  chips. 
All  the  seal  treatments  were  rolled  immediately  follow- 
ing the  application  of  the  cover  stone. 


The  aggregate  contained  1.5  percent  of  moisture  and 
was  analyzed  as  follows: 
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Sample  It 

Passing— 

1  l-il)(-h  MTCIMI               

1  -inch  screen _  „  

No.  3  sieve -   .   ..-       
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liid.ii 

85.  5 

75.  5 

49.0 

4.5 

Percent 

<).r>  (i 
82.0 

7(1  1) 

No.  10  sieve -  -           

37.0 

5  U 

The  results  obtained  in  the  mixing  operation  were 
not  very  satisfactory.  The  emulsion,1  which  was  not  a 
true  mixing  emulsion,  broke  and  became  viscous  so 
quickly  that  mixing  was  difficult.  Instead  of  coating 
all  of  the  particles  uniformly,  as  did  the  other  types  of 
bituminous  materials,  this  relatively  quick-breaking 
emulsion  had  a  decided  tendency  to  form  the  finer 
particles  in  balls,  leaving  the  larger  particles  practically 
uncoated.  When  the  materials  had  been  processed 
as  well  as  possible,  the  mix  was  spread  and  rolled  but 
it  did  not  bond  well  and  displaced  considerably  under 
traffic.  It  was  decided  to  enrich  the  east  half  from 
stations  361  +  39  to  353  +  59  by  remixing  with  the 
addition  of  0.49  gallon  of  the  95+  M  emulsion.  This 
portion  bonded  somewhat  more  readily  than  before 
although  considerable  displacement  of  aggregate  by 
traffic  occurred  for  several  days.  An  attempt  was 
made  to  consolidate  the  mix  by  rolling  intermittently 
for  several  days.  Consolidation  was  finally  accom- 
plished to  a  fair  degree,  the  finer  particles  being  pressed 
around  and  interlocking  with  the  larger  poorly-coated 
particles. 

Although  the  manufacturers  of  the  emulsion  con- 
tended, and  it  was  generally  agreed  at  the  time  of 
construction,  that  the  emulsion-mix  sections  would 
require  a  seal  treatment  for  best  results,  it  was  decided 
to  seal  only  a  portion  of  each  section  immediately. 
However,  in  order  to  prevent  extensive  deterioration 
of  the  unsealed  portions,  which  were  on  relatively  poor 
subgrade,  they  were  given  a  seal  treatment  during  the 
following  summer. 

The  cost  of  the  mix  and  seal  was  64.46  cents  per 
square  yard  or  $7,563  per  mile. 

Section  12. — A  road-mix  was  placed  consisting  of  an 
asphaltic  emulsion  and  crusher-run  stone.  The  crusher- 
run  stone  ranged  from  three-fourths  inch  to  dust.  The 
aggregate  was  first  mixed  with  60-70  oil  at  the  rate  of 
0.48  gallon  between  stations  345  +  79  and  343  +  79, 
and  0.70  gallon  on  the  remainder  of  the  section,  follow- 
ing which  1.84  gallons  of  emulsified  asphaitic  oil  of  the 
95+  M  grade  was  applied  and  mixed.  The  portion 
between  stations  345  +  79  and  343  +  79  was  enriched 
by  adding  0.23  gallon  of  110-120  M  asphaltic  emulsion. 
"  The  portions  between  stations  345  +  79  and  340  +  89 
and  from  station  331  +  09  to  the  end  of  the  section  were 
sealed  shortly  after  the  compaction  of  the  surface. 
On  the  first  portion  0.3  gallon  of  a  mixture  of  95+ M  ■ 
and  95+ L  emulsion  was  applied,  while  on  the  latter 
portion  the  same  amount  of  the  95+  L  grade  emulsion 
alone  was  used.  About  11  pounds  per  square  yard  of 
%-  to  }g-inch  stone  screenings  were  used  in  covering  both 
portions.  As  in  the  case  of  section  11,  the  portion  left 
unsealed  at  the  time  of  construction  was  given  a  seal 
treatment  during  the  following  summer.  In  this  treat- 
ment 0.18  gallon  of  95+ L2  emulsion  was  applied  to 


1  The  demulsibility  of  this  emulsion,  nsint;  50  cubic  cen 
rcent  compared  with  present  A.  S.  T.  M 
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the  left  Imlf  of  the  roadway  and  0.21  gallon  to  therighl 
half.  Both  portions  were  covered  with  II  pounds  per 
square  yard  of  '■-  to  \-inch  stone  screenings  and  rolled. 
The  aggregate  used  on  this  section  contained  I  to  1.2 
percent  moisture  and  was  analyzed  as  follows: 


Sample  A 

Sample  If 

Passing 

l-inch  screen 
,  inch     tret  t 

'.-illch       I'li^MI 

No  3  sieve            ._...._.                                    ........ 

Perci  hi 
100.0 
92.  (i 
72.  5 
19  (i 
14.0 
2.  (I 

Peret  ni 
100.0 

i  ii 
74.5 

III 
26. 1' 

No.  200  sieve 

2  : 

As  in  the  case  of  section  1 1, difficulty  was  encountered 
in  mixing  and  compacting  and,  during  the  extended 
period  of  compaction,  considerable  aggregate  was  dis- 
placed by  traffic.  This  condition  is  illustrated  in 
figure  4,  B.  After  the  mix  had  hardened,  about  half 
the  section  was  sealed,  the  remaining  portion  being 
left  until  the  following  summer  when  the  sealed  and 
unsealed  surfaces  had  about  the  same  appearance  as 
the  corresponding  parts  of  section  11,  except  that  the 
unsealed  surface  was  slightly  better  bonded  than  thai 
on   the   leaner  portion  of  section   11. 

The  cost  of  the  mix  and  seal  was  l>4.(>2  cents  per 
square  yard  or  $7,582  per  mile. 

Section  13.  On  this  section  an  asphaltic  emulsion  was 
mixed  with  crusher-run  stone  ranging  from  three-fourths 
inch  to  dust.  The  aggregate  was  primed  and  mixed 
with  2.23  gallons  of  water.  Following  this,  asphaltic 
emulsion  95+  L  was  applied  at  the  rate  of  2  gallons 
per  square  yard  and  mixed.  Figure  4,  ('illustrates  the 
mix. 

The  easterly  portion,  stations  326+19  to  311+23 
was  sealed  after  compaction  of  the  mix,  using  0.3 
gallon  of  95+ L  emulsion  and  covered  with  about  11 
pounds  per  square  yard  of  +  to  +inch  screenings. 
The  remaining  portion  was  given  a  seal  treatment  dur- 
ing the  following  summer,  consisting  of  95+L2  emul- 
sion applied  at  the  rate  of  0.18  gallon  on  the  left  half 
and  0.21  gallon  on  the  right  half  and  covered  with  13 
pounds  per  square  yard  of  %-  to  %-inch  screenings  on 
the  left  half  and  1 1  pounds  per  square  yard  on  the  right. 
Raveling  resulting  from  the  leanness  of  the  mix  is  illus- 
trated in  figure  4,  D. 

The  aggregate  used  on  this  section  contained  from  5 
to  7.5  percent  moisture  and  was  analyzed  as  follows: 
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The  cost  of  the  mix  and  seal  was  67.29  cents  per 
square  yard  or  $7,895  per  mile. 

Although  the  subgrade  was  variable  and  of  inferior 
quality  on  portions  of  the  section,  certain  types  of 
failure  occurred  in  the  emulsion  mixtures  which  seemed 
to  be  due  to  the  character  of  the  mix  rather  than  to  1  hat 
of  the  subgrade. 

Where  the  worst  subgrade  conditions  existed,  it  was 
necessary  to  remove  the  defective  subgrade  to  a  depth 
varying  from  a  few  inches  to  1.8  inches  or  more  and  to 
do  extensive  patching  during  the  early  summer  of  1931. 
This  work  put  the  surfaces  in  fairly  good  condition  and 


Figure  5. — Typical  Cracking  and  Peeling  Which  Occurred 
During  the  Spring  on  Portions  of  Sections  11  and  12, 
Due  to  the  Bad  Subgrade  and  Poor  Drainage  in  the 
Ditches. 

it  was  thought  that  the  sections  would  go  through  the 
next-  winter  satisfactorily.  However,  further  failure  of 
the  subgrade  occurred  and  additional  extensive  repairs 
were  again  necessary  during  the  spring  of  1932. 

more  important  factors  affecting  the  behavior  of  the 
road-mix  sections  discussed 

Of  the  factors  affecting  the  service  behavior  of  the 
oil-mix  type  of  surfacing  as  built  in  the  Western  States, 
moisture  is  probably  the  most  important.  Moisture  in 
the  aggregate  at  the  time  of  mixing,  moisture  seeping 
into  the  surface  from  the  top  and,  perhaps  most,  impor- 
tant of  all,  moisture  entering  the  surface  from  the  sub- 
grade,  must  all  be  considered  as  potential  causes  of 
failure. 

In  these  experiments  the  most  noticeable  result  of 
the  effect  of  moisture  was  the  development  of  areas 
having  the  appearance  of  excessive  richness  in  bitumen. 
On  these  areas  the  mat  became  so  soft  and  unstable  as 
to  require  scarifying  and  remixing.  The  time  inter- 
vening before  this  unsatisfactory  condition  developed 
varied  from  a  short  time  after  construction  to  a  period 
of  2  years.  Subgrade  water  which  entered  the  mixture 
from  below  was  responsible  for  most  of  the  failures  of 
this  type. 

Examination  of  the  mat  from  areas  affected  by 
moisture  in  otherwise  good  sections  indicated  that 
water,  in  rising  through  the  mix  toward  the  surface, 
had  apparently  carried  with  it  an  appreciable  amount 
of  oil. 

The  richer  mixes  seemed  to  lose  stability  earlier  and 
to  a  greater  extent  than  did  the  leaner  ones.  Section 
7  furnishes  a  good  example  of  the  comparative  elicit 
of  subgrade  moisture  on  rich  and  lean  mixes.  On  t  bi- 
section drainage  and  subgrade  conditions  were  fairly 
uniform  but  the  west  half  of  the  section,  which  was 
comparatively  rich,  softened,  became  unstable  and  had 
to  be  scarified  and  remixed  in  1931,  while  the  east 
portion,  except  for  a  small  area  at  the  beginning  of  the 
section,  has  remained  in  excellent  condition  Analyses 
of  mat  samples  taken  from  the  east  and  west  portion- 
show  the  former  to  contain  approximately  25  percent 
more  bituminous  material  than  the  latter. 

Softening    of    the    mat     occurred    mo-!    generally    in 
ciit<  where  drainage  condition-  were  least   satisfactory 
Section    t  remained  in  good  condition  except  for  a  short 
portion  at    the  ea-t    end   which  was  in  a   cut    with   pool 
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drainage  and  subgrade.  The  mat  on  this  portion  of 
the  section  softened  and  was  scarified  and  remixed  in 
1931. 

Section  3,  on  which  gravel  was  used,  softened  more 
extensively  than  did  section  4,  on  which  crushed  stone 
was  used.  Due  to  the  smooth,  round  character  of  the 
gravel  particles,  the  stability  of  the  gravel  is  apparently 
reduced  more  quickly  than  that  of  the  rough,  angular 
crushed  material  when  an  excess  amount  of  water  is 
present  in  the  mix. 

The  mix  on  section  5,  which  appeared  somewhat 
lean  and  was  lightly  sealed  with  the  same  oil  used  in 
the  mix,  was  affected  by  water  to  a  much  less  degree 
than  either  section  3  or  4.  Only  a  few  small  areas  of 
its  surface  had  softened.  The  seal  coat  provided  an 
excellent,  wear-resistant  surface  on  this  section  which, 
due  to  its  leanness,  would  otherwise  undoubtedly  have 
failed  by  raveling.  It  is  believed,  however,  that  its 
resistance  to  loss  of  stability  has  been  due  largely  to 
the  leanness  of  the  mix  rather  than  to  the  seal  treatment. 

On  section  6  the  mix  was  very  lean,  appearing  to  be 
much  more  so  than  that  on  section  5,  and  the  surface 
was  sealed  with  a  soft  grade  of  asphalt.  This  combina- 
tion of  a  lean  mix  with  an  asphalt  seal  coat  provided 
an  excellent  surface  and  there  were  no  indications  that 
the  mix  had  softened  because  of  subgrade  moisture. 
The  behavior  of  sections  5  and  6  in  contrast  to  that  of 
the  richer  unsealed  sections,  particularly  in  their  re- 
sistance to  the  action  of  moisture,  suggest  the  possible 
advantage  of  using  a  lean  mix  with  a  wear  resistant 
surface  treatment,  particularly  where  moisture  condi- 
tions are  unfavorable. 

The  belief  that  bituminous  materials  of  high  viscosity 
offer  more  resistance  to  the  effect  of  moisture  on  this 
type  of  construction  than  materials  of  lower  viscosity 
has  led  to  the  use  of  more  viscous  materials.  The  effect 
of  the  viscosity  of  the  slow-curing  oils  on  their  resistance 
to  moisture  was  not  studied  in  this  investigation,  but 
the  exceptionally  good  condition  of  section  7  on  which 
the  more  viscous  70-80  oil  was  used  tends  to  substan- 
tiate the  opinion  regarding  the  advantage  of  the  heavier 
oils.  The  water-resistant  properties  of  the  asphaltic 
cut-back  materials  are  also  well  illustrated  by  the  be- 
havior of  the  road-mix  sections  in  which  these  materials 
were  used.  These  surfaces  continued  in  good  condition, 
uniform  in  color,  and  free  from  any  indication  of  soften- 
ing or  lack  of  stability. 

GRADING  OF  AGGREGATE  IMPORTANT    IN    DESIGNING  MIXTURES 

The  grading  of  the  aggregate  is  important  in  design- 
ing all  types  of  bituminous  mixes  and  is  particularly 
so  in  designing  those  types  of  road-mix  in  which  the 
bituminous  materials  used  may  not  compensate  for  a 
possible  lack  of  stability  in  the  aggregate.  Obviously, 
if  the  aggregate  does  not  possess  inherent  stability  it 
must  be  supplied  by  the  bituminous  material.  Con- 
versely, if  the  aggregate  has  this  property  it  need  not 
necessarily  be  characteristic  of  the  bituminous  material. 
Satisfactory  stability  was  obtained  on  all  the  road-oil- 
mix  sections  where  the  aggregate  was  close-graded 
(from  5.8  to  1 1.5  percent  of  dust),  although  the  bitumi- 
nous material  used  with  it  had  relatively  little  cementing 
value. 

Sections  2  and  8  were  built  with  open-graded  crushed- 
stone  aggregate  ranging  from  three-fourths  to  one-eighth 
inch.  A  medium-curing  kerosene  cut  back  was  used 
on  section  2  and  a  70-80  slow-curing  oil  on  section  8. 
On  the  former  section  the  mix  remained  plastic  for  a 
long  time  after  construction,  during  this  time  it  seemed 


on  the  verge  of  failure.  However,  it  gradually  hard- 
ened and  in  time  its  condition  materially  improved. 
The  behavior  of  this  section  conforms  with  experience 
on  other  projects  where  similar  medium-curing  cut-back 
materials  were  used,  in  that  satisfactory  stability  of  the 
mix  developed  only  after  a  considerable  period  of  time 
during  which  an  appreciable  amount  of  volatile  material 
evaporated  resulting  in  greater  viscosity  in  the  remain- 
ing bituminous  material  which  enabled  it  to  furnish  the 
stability  lacking  in  the  aggregate. 

Section  8,  on  which  the  70-80  slow-curing  oil  was 
used  with  open-graded  aggregate,  lacked  stability  and 
failed  early  since  the  oil  was  not  of  a  type  which  hard- 
ened so  as  to  provide  the  stability  lacking  in  the 
aggregate. 

It  is  apparent  that  aggregate  should  be  closely 
graded,  contain  an  appreciable  amount  of  fine  material, 
and  have  high  inherent  stability  if  it  is  to  be  used  with 
slow-curing  or  medium-curing  asphaltic  materials. 
The  fine  particles,  particularly  that  portion  of  the  ag- 
gregate passing  the  no.  200  sieve,  seem  to  stiffen  the 
bituminous  material  and  provide  the  necessary  early 
stability.  The  mix  on  section  2,  which  contained  no 
fines,  displaced  under  traffic  for  a  long  time  after  con- 
struction. Although  it  finally  developed  a  well- 
bonded  and  stable  surface  the  early  behavior  was  not 
satisfactory,  due  to  the  slow  development  of  cohesive 
properties  in  the  binder. 

The  exact  amounts  of  fines  which  should  be  present 
when  slow-curing,  medium-curing,  or  rapid-curing 
materials  are  used  cannot  be  stated  definitely.  Ex- 
perience indicates  that  in  constructing  road  mixes  with 
average  aggregates  of  open  grading,  rapid-curing  ma- 
terials should  be  used  and  that,  in  general,  slow-curing 
or  medium-curing  materials  should  not  be  used  when 
the  dust  content  of  the  aggregate  is  less  than  approxi- 
mately 5  percent. 

Sections  2  and  8  are  typical  examples  of  surfaces 
containing  open  aggregates  where  better  results  would 
have  been  obtained  had  a  more  rapid-curing  binder 
been  used. 

AMOUNT  OF  SLOW-CURING  OIL  REQUIRED  MAY  BE  DETERMINED 
SATISFACTORILY  WITH  FORMULAS 

The  subgrade  soils  on  sections  1  to  13,  as  shown  in 
table  2,  include  the  A-2  (mostly  plastic),  the  A-4,  and 
A-7  types.  The  A-2  plastic  type  predominates  except 
on  sections  11,  12,  and  13.  The  more  unfavorable 
A-4  and  A-7  types  comprise  the  soil  on  these  three 
sections  and  were  also  found  in  the  deep  cuts  and  on 
other  short  portions  of  some  of  the  other  sections. 

Failures  of  the  surface  due  to  the  subgrade  were  con- 
fined almost  entirely  to  those  portions  overlying  A-4 
and  A-7  soils.  The  characteristic  tendency  of  the  A-4 
soils  to  flow  under  load  was  reflected  in  the  behavior 
of  the  surface,  which  failed  by  settlement  and  cracking 
(fig.  5).  This  type  of  surface  failure  was  extensive  on 
section  11. 

The  A-7  soils,  which  are  elastic  when  loaded,  caused 
cracking  without  appreciable  displacement  of  the  sur- 
face. Failures  of  this  type  occurred  extensively  on 
seption  12. 

The  data  on  laboratory  curing  and  stability  tests 
made  on  the  material  from  the  various  mixtures  passing 
no.  10  sieve,  and  presented  in  table  3,  give  some  indica- 
tion of  the  degree  of  curing  which  might  occur  in  mixed 
surfaces  containing  oils  and  cut  backs.  It  also  illus- 
trates the  gain  in  the  stability  of  the  fine  portion  of 
the   mixtures   which   accompanies  the  loss  of  volatile 
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constituents.  The  tests  reported  show  high  stability 
values  indicating  that  the  inherent  stability  of  the  fine 
portion  of  these  road-mixes  was  high.  Gains  in  stabil- 
ity corresponding  to  a  given  loss  of  volatile  matter  were 
substantially  greater  for  the  cut-back  mixtures  than  for 
the  slow-curing  oils. 

The  comparatively  low  total  oven  losses  of  volatile 
matter  for  the  cut-back  mixes  from  sections  9  and  10 
indicates  that  considerable  more  volatile  matter  had 
gone  off  during  the  construction  operation  than  on 
sections  1  and  2.  This  explains  the  better  early 
behavior  of  sections  9  and  10  as  compared  with  sections 
1  and  2  and  shows  the  necessity  of  obtaining  an  appreci- 
able loss  of  the  solvent  (in  cut-back  materials)  before 
final  compaction  of  the  mix. 

A  comparison  of  the  amount  of  bituminous  materials 
used  with  that  shown  to  be  required  by  several  formulas, 
together  with  comments  as  to  tlie  sufficiency  of  the 
amounts  used  as  indicated  by  service  behavior,  are 
given  in  table  6.  In  general,  the  behavior  of  the  sec- 
tions indicates  that  the  amounts  of  slow-curing  oil 
required  for  close-graded  aggregates  may  be  deter- 
mined satisfactorily  by  means  of  one  of  several  formulas 
now  in  use.  The  results  of  these  experiments,  however, 
as  well  as  observations  on  other  projects,  indicate  that 
where  very  heavy  slow-curing  oils  and  cut  backs  which 
produce  heavy  residues  in  the  road  surface  are  used  it 
may  be  advantageous  to  apply  greater  quantities  than 
called  for  by  the  formulas. 

Sections  11,  12,  and  13,  on  which  asphaltic  emulsions 
were  used,  were  of  a  more  highly  experimental  character 
at  the  time  of  construction  than  the  remainder  of  the 
sections.  Little  experience  had  been  had  with  this 
type  of  material  and  little  information  was  available 
relative  to  its  behavior  during  construction  or  as  to  the 
proper  amount  of  the  material  to  use  under  given  condi- 
tions. Practically  all  details  therefore  were  experi- 
mental and  with  the  complication  of  inferior  subgrade 
conditions,  the  results  were  not  very  satisfactory. 

Considerable  difficulty  was  encountered  in  mixing 
sections  11  and  12.  The  emulsions  broke  during  the 
mixing  operation,  balled  with  the  fine  particles  of 
aggregate  and  produced  an  apparently  lean,  non- 
uniform mix  which  was  harsh  and  very  open  and  in 
which  the  coarse  particles  were  very  poorly  coated  with 
bitumen.  On  the  unsealed  portions,  the  open  and 
poorly  bonded  surface  cracked  extensively,  especially 
during  the  spring  season  when  the  subgrade  was  least 
stable. 

The  emulsion  on  section  13  had  a  slower  break  than 
that  used  on  sections  11  and  12  as  indicated  during  the 
mixing  operation.  The  fines  did  not  segregate  and  ball, 
the  coarser  particles  were  well  coated  and  the  mixture 
obtained  was  uniform  and  of  a  close  texture.  The  ap- 
pearance of  the  mix  on  section  13,  as  compared  to  that 
of  sections  11  and  12  at  the  time  of  construction,  is 
shown  by  figure  4,  B,  and  4,  C. 

The  raveling  which  occurred  on  the  unsealed  portions 
of  section  13  appears  to  have  been  caused  by  insufficient 
bitumen  rather  than  by  the  character  of  the  emulsion. 
As  shown  in  table  3,  there  was  only  1.4  percent  bit  umen 
in  the  mix,  and  the  total  amount,  including  the  seal,  \\  as 
2.7  percent.  Figure  4, D,  illustrates  the  tendency  of  I  lie 
surface  to  ravel  before  being  surface-treated.  A  further 
comparison  of  the  quantity  of  bitumen,  including  the 
admixed  oil  used  in  the  mix  on  sections  11,  12,  and  13,  is 
obtained  by  deducting  the  water  content  of  the  emul- 
sions as  given  in  table  5  from  the  total  amounts  used. 
This  shows  that  approximately   1.2   to   1.5  gallons  of 


bitumen  per  square  yard  were  used  in  the  mix  on  section 
11,  1.8  gallons  on  section  12,  and  only  1.2  gallons  on 
section  13. 

Since  these  sections  were  built,  considerable  progress 
has  been  made  in  the  development  of  methods  of  manu- 
facture and  handling  of  this  type  of  material  and,  with- 
out doubt,  most  of  the  construction  difficulties  encoun- 
tered on  these  experimental  sections  can,  to  a  large 
extent,  now  be  avoided. 

VAKIOUS  TYPES  OF  SURFACE  TREATMENT  APPLIED  TO  CRUSHED- 
ROCK  BASE 

A  3-inch  compacted  base  course  for  the  surface  treat- 
ments, sections  14  to  21,  inclusive,  was  built  in  the  fall 
of  1929.  This  consisted  of  crusher-run  stone,  three- 
fourths  inch  to  dust,  to  which  10  to  15  percent  of  local 
clay  and  silt  binder  was  added.  Early  snow  and  freez- 
ing weather  made  it  impossible  to  thoroughly  shape 
and  consolidate  the  base  course  so  that  it  was  necessary 
to  continue  this  work  during  the  following  spring. 

Due  to  the  unusually  dry  weather  during  the  early 
summer,  much  of  the  base  material  was  whipped  off  by 
traffic,  the  final  thickness  of  the  base  course  being  thus 
reduced  to  between  2  and  2K  inches  instead  of  3  inches 
as  planned. 

Immediately  prior  to  application  of  the  surface  treat- 
ments, the  base  was  lightly  scarified,  watered,  and 
bladed.  This  work  was  often  done  during  the  night 
preceding  application  of  the  prime  coat  to  avoid,  so  far 
as  possible,  damage  from  traffic  between  the  final  shap- 
ing of  the  base  and  the  application  of  the  prime  treat- 
ment. The  base  was  swept  and  this  was  followed  im- 
mediately by  the  prime  coat.  Figure  6,  A,  shows  the 
sweeping  operation. 

A  typical  grading  of  the  aggregate  used  in  the  base 
course  was  as  follows: 

Passing—  Percent 

1-inch  screen 99.  6 

%-inch  screen 95.  9 

^-inch  screen 80.  6 

No.  3  sieve 68.9 

No.  10  sieve - 38.7 

No.  200  sieve - 10.  2 

Details  concerning  the  various  sections  are  given  in 
table  7.  A  prime  treatment  was  applied  to  all  of  the 
sections.  On  the  right  half  of  sections  14  to  17,  inclu- 
sive, a  110-120  penetration  asphalt  cut-back  with  kero- 
sene was  used,  while  on  the  left  half  of  these  four  and 
on  the  remaining  sections  a  50-60  penetration  slow- 
curing  oil  was  used. 

The  prime  coat  was  applied  to  one-half  the  road 
width  and  the  material  allowed  to  penetrate  and  dry 
for  about  2  days,  after  which  it  was  opened  to  traffic 
while  the  other  side  was  similarly  treated.  Wet  areas 
remaining  at  the  end  of  the  '-'-day  drying  period  were 
blotted  with  stone  chips,  one-eighth  inch  to  dust.  The 
cut-back  asphalt  penetrated  to  an  average  depth  of 
three-eighths  inch  and  the  slow-curing  oil  to  about  one- 
half  inch.  The  former  material  produced  a  tougher. 
better  bonded  and  more  wear-resistant  surface  than 
did  the  oil.  Failures  did  not  develop  in  the  cut-back- 
primed  surface,  but  considerable  breaking  and  scaling 
occurred  where,  the  light  oil  was  used.  This  tendency 
of  the  oil-primed  surface  to  break  and  ravel  is  illus- 
trated in  figure  0,  B. 

Where  raveling  occurred  in  the  primed  base,  the  holes 
wrere  swept  clean  of  dust,  sprayed  lightly  with  a  slow- 
curing  oil  and  then  filled  with  crushed  rock,  three- 
fourths  inch  to  dusl  in  size 
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Attached  to  Trucks;  D,  Equipment  Used  to  Lightly  Manipulate  and  Spread  the  Cover  Stone. 


Both  light  and  heavy  types  of  surface  treatments 
involving  several  types  and  grades  of  bituminous 
materials  were  used.  To  facilitate  their  application, 
all  the  bituminous  materials,  including  the  emulsion, 
were  warmed. 

The  crushed  stone  was  loaded  from  cars  or  stock 
piles  with  a  truck  crane  fitted  with  a  K-cubic-yard 
clamshell  bucket.  Three-  and  four-cubic-yard  dump 
trucks  were  used  for  hauling  and  spreader  boxes  were 
used  for  spreading.  Figures  6  and  7  illustrate  the 
spreading,  leveling,  and  finishing  operations. 

Typical  gradings  of  the  crushed  stone  used  as  cover 
material  are  given  below: 


Passing— 

l>i-inoh  screen. 
1-inch  screen- 
s-inch screen.. 
}4-mch  screen.. 

No.  3  sieve 

No.  10  sieve 

No.  200  sieve. . 


MtoK2 
inch 


Per  cad 

100.0 

98.2 

64.3 

7.5 

2.5 

1.5 


lAtoH 
inch 


Percent 


100.0 

93  l 

65.9 

8.3 

2.1 


All  of  the  surface  treatments  were  applied  in  the 
summer  of  1930  and  their  behavior  up  to  the  final 
inspection  in  October  1932  is  described. 


SURFACE  TREATED  SECTIONS  DESCRIBED  IN  DETAIL 

Section  14— A  heavy  treatment  of  hot  asphalt  was 
applied. 

The  cut-back  priming  on  the  right  half  of  the  section 
had  been  down  5  days  and  the  50-60  slow-curing  oil 
priming  on  the  left  side  3  days  when  the  surface  treat- 
ment was  applied. 

On  this  section  an  attempt  was  made  to  further 
smooth  the  surface  by  honing  the  seal  coat  cover. 
This  procedure  was  abandoned,  however,  since  it 
proved  impossible  to  hone  the  surface  without  dis- 
turbing the  larger  underlying  stone.  It  was  therefore 
decided  to  use  a  broom  drag  on  all  cover  courses  and  to 
limit  the  light  honing  operation  to  the  heavy  stone 
cover. 

The  application  of  the  bituminous  material  on  this 
section  was  unsatisfactory  due  to  poor  operation  of  the 
distributor.  Many  small  areas  were  missed  and  con- 
siderable patching  was  necessary  before  applying  the 
seal.  The  seal  treatment  was  applied  after  the  surface 
had  been  under  traffic  for  about  3  weeks. 

The  cost  of  the  base  course  was  31.98  cents  per  square 
yard,  or  $3,752  per  mile.  The  cost  of  the  surface  treat- 
ment was  42.12  cents  per  square  yard,  or  $4,942  per 
mile. 
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Table  7 '.- — Details  of  surface  treatments  applied  to  8-inch  compacted  stone  base,  three-fov  to  dvst  and  bound  with  approximately 

one-fiftieth  cubic  yard  per  square  yard  of  selected  soil 


'••: 

21 

!0 

19 

18 

IT 

■ 

LEFT                      RIGHT 

LEFT                         RIGHT 

LEFT                      RIGHT 

LEFT                      RIGHT 

LEFT- 

RIGHT 

LEFT 

hi  GMT 

PRIME,  50-60  SLOW-CURING  OIL, 

PRIME.  53-60  SLOW-CURING  OIL, 

PRIME,  50-  60  SLOW-CURING  OIL. 

PRIME, 50-60  SLOW-CURING  OIL. 

PRIME,  50-60 

PRIME, 110  -120 

PRIME.  50-60 

PBIME.HQ-  130 

■     ■ 

■ 

PRIME, 110  -120 

3*  GAL. 

3JGAL.          1           31  GAL        , 

3!  GAL 

.37  GAL 

SLOW'CURING 

L5PHALT  CUI  BACK 

SLOW- CURING  OIL, 

■ 

ASPHALT   CUt  Bit' 

ESI 

19 

asphaltic  emulsion  (standaro) 

ASPHALTIC   EMULSION  (STAKDARO) 

ASPHALTIC    EMULSION 

ASPHALTIC   EMULSION 

OIL,     .2?  GAL 

■ 

29  GAL 

■ 

. 

■ 

WITH  KlROStHE; 

29  GAL 

■ 

29  GAL 

II0-12O  ASPHALT   Cl'T   BACH 

9tf  ASPHALTIC    C 

9(t  ASPHALTIC  OIL.APPLHO  Hi 

' 

3 

WIIH  HAPHTMt' 

j     " 

u>        ~ 

-  ' 

. 

- 

t 

i*S-   s  - 

s       a 

K    -A     2 

st                2 

•^ 

'■: 

13 

1 

s 

=*:;>?  ^    *y 

aC*     *■? 

t-rs?  s? 

^"^     =* 

iT           s»" 

■ 

■ 

sC    ^     if 

■ 

^r  J-    -j* 

1 

^f^:    aS-    rf 

**     * 

;£  ssr    iC 

*?       w: 

■ 

' 

1  Quantities  used  in  successive  applications  and  corresponding  applications  of  cover  material  are  shown  below. 

>  The  final  application  consisted  of  0.58  gallon  of  90-95  L3  emulsion  from  stations  185+00  to  174+20  and  0.35  gallon  of  the  94+22  emulsion  of  the  remainder  of  the  section 


Prime. 


Tack  coat... 
Cover  stone. 


Penetration    appli- 
cation. 


Keystone. 


Seal  application 

Cover 


Left  half 


Right  half 


(a)  Base  swept  and  holes  repaired  before  priming 


0.29  gallon,  50-60  slow-curing 
oil  of  17.6  specific  viscosity 
(Engler)  at  50°  C. 


0.29  gallon,  110-120  penetration 
asphalt  cut  back  with  kero- 
sene to  a  specific  viscosity 
(Engler)  of  17.2  at  50°  C. 


(6)  Hand  broomed  and  holes  repaired  as  necessary 


0.26  gallon  of  150-200  penetra- 
tion asphalt  applied  hot. 

47  pounds,  %A-  to  H-inch 
crushed  stone. 


0.26  gallon  of  150-200  penetra- 
tion asphalt  applied  hot. 

49  pounds,  %■  to  Jrincli 
crushed  stone. 


(c)  Stone  spread  with  spreader  boxes,  lightly  honed  with  a 
blading  machine,  spotted,  drag  broomed  and  rolled 


0.26  gallon  of  the  same  asphalt 
as  that  used  in  the  tack  coat 
application. 

31  pounds  of  14-  to  K-inch 
crushed  stone. 


0.26  gallon  of  the  same  asphalt 
as  that  used  in  the  tack  coat 
application. 

31  pounds  of  }4-  to  }^-inch 
crushed  stone. 


(d)  Stone  spread  with  spreader  boxes,  spotted,  drag  broomed 
and  rolled 

0.20  gallon  of  the  same  asphalt.  I  0.20  gallon  of  the  same  asphalt 
15    pounds,    lA-    to     K-inch     21    pounds,     \i-    to     Ms-inch 
crushed  stone.  crushed  stone. 

(t?)  Drag  broomed,  spotted,  and  rolled 


The  total  cost  was  74.10  cents  per  square  yard,  or 
$8,694  per  mile. 

Section  15. — A  light  surface  treatment  of  a  heavy 
asphaltic  oil  was  applied  hot. 


Prime - 


Hot  application. 
Cover  stone 


Left  half 


0.29  gallon,  50-60  slow-curing 

oil. 
0.29  gallon  of  94+  asphaltic  oil. 
27    pounds,     Y2-    to     J-i-inch 

crushed  stone. 


RighUialf 


0.29  gallon,  kerosene  cutback. 

0.29  gallon  of  94+  asphaltic  oil. 
27     pounds,     3-2-     to     Ji-inch 
crushed  stone. 


Because  of  the  light  cover  used  in  this  treatment, 
smoothing  by  blading,  as  in  the  other  section-,  was  not 
attempted.  The  equipment  and  methods  used  were 
otherwise  the  same. 

The  cost  of  the  base  was  .32.1  cents  per  square  yard, 
or  $3,769  per  mile.  The  cost  of  the  surface  treatmeni 
was  14.5  cents  per  square  yard,  or  $1 ,707  per  mile.  The 
total  cost  was  46.68  cents  per  square  yard,  or  $5,477  per 
mile. 

Section  16. — A  heavy  surface  treatment  of  a  heavy 
asphaltic  oil  was  applied  hot. 

The  method  of  construction  was  similar  to  that 
used  on  the  other  heavy  surface  treatments.  The  sub- 
grade  conditions  were  about  the  same  as  on  the  other 
sections. 

The  cost  of  the  base  was  32.1  cents  per  square  yard 
or  $3,766  per  mile.  The  cost  of  the  surface  treat- 
ment was  29.8  cents  per  square  yard   or  $3,493   per 


Figure  7. — Touching   Up  Surface   \;\    Hand   and   Dragging 
with  a  Broom. 


Left  half 

Right  half 

Prime 

0.29  gallon,  50-60  slow-' 

oil. 
0.18  gallon   of  94+   asphaltic 

oil. 
32   pounds   of   %-   to   .!  ..-null 

crushed  stoni 
0.31   gallon   of  94+   asphaltic 

oil. 
18    pounds,     J  v-     to     !  s-inch 

crushed  stone. 
0.20  gallon   of  the   same 

phaltic  oil. 
13     pounds.      '  -     to     ! 

crushed  stone. 

0.29  gallon,  kerosene  cut-back. 

Tack  coat 

Cover  stone 

Penetration  appli- 
cation. 
Ke  vstone 

0.11    gallon    of   94+    asphaltic 

oil. 

Minis    of   ?4-    to    J^-inch 

crushed  stone. 
0.28   gallon    of  94+   asphaltic 

oil. 
34     pounds,     }i-    (o    H-inch 

Seal  application... 
Seal  cover 

crushed  sione. 

0.20  gallon  of  ilio  same  as- 
phaltic oil. 

12  pounds,  !  2-  to  K-inch 
hed  stone. 

mile.     The  total  cost  was  61.87  cents  per  square  yard 
or  $7,259  per  mile. 

Section     17.  -A   heavy  surface   treatmeni    of    rapid- 
curing  cut -Sack  asphalt  was  applied. 


Prime.. 

Tack   coat    appli 
cation. 

Cover  stone 

i  ation  appli 
cut  ion. 

■  me.. 

Seal  application.. 

Seal  cover 


Left  half 


Right  half 


slow- 


0.29    gallon     of    50-60 
curing  oil. 

0.29  gallon  of  110-120  asphalt 
mi  back  «  ii  li  aboul  25  per- 
cent naphtha. 

50    pounds,     ?!- 
crushed  si 

0.15  gallon   of  naphth 

19    pounds.     '        to 
ed    tone 

iphtha   cut- 

11  pounds.  J  2-  to  !  v-iru  h 
crushed  stone. 


0.29   gallon   iif 
back . 

Hon  of  1 
ick  with 
naphtha. 
37     ] H hi 

crushed  slime. 
0.22    gal 

crushed  stone, 
illon    of 

mils,      }i 

crushed  stone. 


kerosene    cut- 

10-120  asphalt 
about  25  per- 

to 

□aphtha 

-  to  K-inch 
naphtha  cut- 
■     to 


The  same  methods  were  used  in  the  construction 
of  this  section  as  on  sections  M  and  L6.  The  prime 
had  been  applied  on  the  left  side  IS  days  and  on  the 
righl  20  days  at   the  time  the  surface  treatmeni  was 
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applied.     The  right  half  of  the  base  which  was  primed 
with   the   cut-back   asphalt  was  in   perfect   condition 

Left  half 

Right  half 

and  free  from  holes  or  raveling,  while   the  left  side 

Prime 

0.32  gallon  of  50-60  slow-curing 
oil. 

0.16  gallon  of  94+  L2  asphaltic 
emulsion. 

47    pounds,    %-    to    ^2-inch 
crushed  stone. 

0.28  gallon  of  the  same  emul- 
sion. 

8     pounds,     }4-    to     H-inch 
crushed  stone. 

0.25  gallon  of  the  same  emul- 
sion. 

17    pounds,    Yr    to    J/g-inch 
crushed  stone. 

0.32  gallon  of  50-60  slow-curing 
oil. 

0.26  gallon  of  94+  L2  asphaltic 
emulsion. 

48  pounds,  %-  to  J-2-inch 
crushed  stone. 

0.29  gallon  of  the  same  emul- 
sion. 

on    which    the    50-60   slow-curing   oil   was   used   had 
developed  a  few  pot  holes  and  some  raveling. 

The  amount  of  cover  stone  used,  particularly  on  the 
left  half,  was  far  too  great  for  the  quantity  of  asphalt 
used.     An  excessive  amount  of  raveling  occurred  on 

Tack  coat  applica- 
tion. 
Cover  stone 

Penetration  appli- 
cation. 
Keystone 

this  half  before  the  seal  coat  was  applied.     The  diffi- 
culty was  corrected  to  some  extent  in  applying  the  seal 
treatment  by  increasing  the  amount  of  asphalt   and 
reducing  the  amount  of  stone  cover. 

Seal  application... 
Seal  cover 

crushed  stone. 
None. 

The  cost  of  the  base  was  32.6  cents  per  square  yard 
or  $3,825  per  mile.     The  cost  of  the  surface  treatment 
was  38.7  cents  per  square  yard  or  $4,544  per  mile.     The 
total  cost  was  71.33  cents  per  square  yard  or  $8,369  per 
mile. 

The  high  cost  of  this  section  was  largely  due  to  the 
cost  of  transporting  the  cut-back  asphalt  in  steel  drums, 
which  was  necessary  because  of  the  small  quantity  used. 

Section  18. — A  heavy  surface  treatment  of  asphalt 
emulsion  was  applied. 

This  section,  as  well  as  sections  19,  20,  and  21,  re- 
ceived surface  treatments  of  essentially  the  same  type 
as  did  sections  14,   16,  and  17,  except  that  asphaltic 
emulsions  from  two  producers  were  used.     The  designs 
of  the  sections  were  furnished  by  the  producers  and  the 
work  was  carried  out  under  their  supervision. 

The  treatment  on  this  section  was  essentially  the 
same  as  that  on  section  18,  except  that  the  seal  coat 
was  applied  only  to  the  left  half. 

The  priming  coat  had  been  down  8  days  on  the  left 
half  and  9  days  on  the  right  half  when  the  surface 
treatment  was  applied.     As  on  section  18,  an  insuffi- 
cient amount  of  emulsion  was  used  on  this  section. 
The  cover  stone  was  poorly  coated,  and  the  applica- 
tion did  not  penetrate  through  to  the  tack  coat.     Early 
loosening   and   raveling  of  the   stone   occurred   under 
traffic. 

The  cost  of  the  base  was  32.7  cents  per  square  yard 
or  $3,834  per  mile.     The  cost  of  the  surface  treatment 
was  26.9  cents  per  square  yard  or  $3,160  per  mile. 
The  total  cost  was  59.61   cents  per  square  yard  or 
$6,994  per  mile. 

Section  20. — A  heavy  surface  treatment  of  asphaltic 
emulsion  was  applied. 

Left  half 

Right  half 

0.32  gallon  of  50-60  slow-curing 
oil. 

0.15  gallon  of  90-95  L3  asphal- 
tic emulsion. 

47    pounds,    %•    to    H-inch 
crushed  stone. 

0.27  gallon  of  90-95  L3  asphal- 
tic emulsion. 

16    pounds,     Yr    to    }«-inch 
crushed  stone. 

0.58  gallon  of  90-95  L3  asphal- 
tic  emulsion  from  stations 
185+00  to  174+20  and  0.35 
gallon  of  the  L2  grade  on  the 
remainder. 

16    pounds,     lA-    to    J  6-inch 
crushed  stone. 

0.32  gallon  of  50-60  slow-curing 

oil. 
0.17  gallon  of  94+  L2  asphaltic 

emulsion. 
58     pounds,     34-     to     J^-incb 

crushed  stone. 
0.27  gallon  of  94+  L2  asphaltic 

emulsion. 
13     pounds,     Vir    to     J^-inch 

crushed  stone. 
0.29  gallon  of  94+  L2  asphaltic 

emulsion 

13     pounds,     H-     to     j-s-inch 
crushed  stone. 

Prime 

Left  half 

Tack  coat  applica- 

Right half 

tion. 
Cover  stone.. 

Prime 

0.32  gallon  of  50-60  slow-curing 
oil. 

0.26  gallon  of  asphaltic  emul- 
sion (standard). 

44  pounds,  %•  to  H-inch  crushed 
stone. 

11    pounds,    H-    to    }i-incb 
crushed  stone. 

0.35  gallon  of  the  same  emul- 
sion. 

21    pounds,     lA-    to     H-inch 
crushed  stone. 

0.31  gallon  of  50-60  slow-curing 

Penetration  appli- 
cation. 
Keystone 

Tack  coat  applica- 
tion. 
Cover  stone 

Choke  stone 

Penetration  appli- 
cation. 

oil. 
0.25  gallon  of  asphaltic  emulsion 

(standard). 
44  pounds,  %-to  H-inch  crushed 

Seal  application-. . 

stone. 

10  pounds,  }4-  to  H-inch 
crushed  stone. 

0.37  gallon  of  the  same  emul- 
sion. 

25    pounds,     %•    to     H-inch 

Seal  cover 

The  prime 
and  on  the  r 
ment  was  ap 
veloped  durh 
the  surface  t 

The  chang 
the  left  side 
material.     T 
about    140° 
spreading.     ' 
trate  throug 
and,   as  a  n 
Failure  from 
cated  by  the 
before  the  ap 
the  surface  v 
coat,    failure 
many  areas. 

The  cost  o 
or  $3,781  pei 
was  34.5  cei 
The  total  c< 
$7,831  per  n 

Section  19. 
emulsion  was 

coat  had  been  down  < 

ight  side  9  days  bef< 

plied.     Holes  and  ra 

ig  this  time  were  rep 

reatment. 

e  in  the  grade  of  eim 

was  made  because 
he  emulsion  was  he* 
F.    in    order    to   fac 
rhe  penetration  appl 
1  the  cover  stone  to 
;sult,  the  stone  was 
insufficient  bituminoi 

large  amount  of  rav 
plication  of  the  seal  t 
pas  considerably  strei 
3   by   raveling   contii 

f  the  base  was  32.2  c 

•  mile.     The  cost  of  t 

its  per  square  yard 

>st  was  66.74   cents 

hie. 

— A  heavy  surface  ti 

>  applied. 

>n  the  left  side  8  days 
)re  the  surface  treat- 
veling  which  had  de- 
aired  before  applying 

ilsion  for  the  seal  on 
of  a  shortage  of  L3 
tted  at  the  plant  to 
litate    handling    and 
ication  did  not  pene- 
meet  the  tack  coat 
only  partly  coated. 
is  material  was  indi- 
eling  which  occurred 
reatment.     Although 
igthened  by  the  seal 
med    to    develop    on 

ents  per  square  yard 
he  surface  treatment 

or  $4,050  per  mile. 

per  square  yard  or 

eatment  of  asphaltic 

The  section  differs  from  sections  18  and  19  in  that  a 
different  asphaltic  emulsion  was  used  and  also  that  a 
choke  stone  cover  was  added  before  the  penetration 
application.     No  seal  treatment  was  used. 

It  was  apparent  during  the  construction   that  the 
amount    of    emulsion    used    was    insufficient    to    fully 
penetrate  and  coat  the  heavy  stone  cover.     The  use  of  a 
choke  stone  further  increased  the  deficiency  of  asphalt. 
A  similar  deficiency  had  been  apparent  on  sections  18 
and   19   but  additional  stone  cover  was  not  used  on 
those    sections.     Excessive    raveling    occurred    in    the 
surface   shortly    after   construction    and   it   was   soon 
apparent  that  this  section  would  not  prove  entirely 
satisfactory. 

The  cost  of  the  base  was  31.3  cents  per  square  yard 
and  $3,674  per  mile.     The  cost  of  the  surface  treatment, 
including  the  cost  of  the  emulsion,  was  27.2  cents  per 
square  yard  or  $3,196  per  mile.     The  total  cost  was 
58.55  cents  per  square  yard  or  $6,870  per  mile. 

Section  21. — A  heavy  surface  treatment  of  asphaltic 
emulsion  was  applied. 

The  method  of  construction  was  similar  to  that  on 
section  20,  except  that  a  seal  treatment  was  applied. 
As  was  the  case  in  all  the  experiments  with  emulsions 
the  stone  was  poorly  coated   due   to   the  use   of   an 
insufficient  amount  of  bituminous  material.     The  sur- 
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face  showed  early  indications  of  weakness  and  failure 
from  this  cause. 


Left  half 

Right  half 

Prime 

0.32  gallon  of  50-60  slow -curing 
oil. 

0.19  gallon  of  asphaltic  emul- 
sion (standard). 

45  pounds,  %/i-  to  H-inch  crush- 
ed stone. 

8  pounds,  H-  to  H-inch  crush- 
ed stone. 

0.39  gallon  of  the  same  emul- 
sion. 

26  pounds,  Yr  to  H-  inch 
crushed  stone. 

0.20  gallon  of  the  same  emul- 
sion. 

11  pounds,  \i-  to  ^6-inch  gravel- 

0.32  gallon  of  50-60  slow-curing 
oil. 

0.19  gallon  of  asphaltic  emul- 
sion (standard). 

44  pounds,  Yi-  to  H-inch  crush- 
ed stone. 

7  pounds,  J-2-  to  H-inch  crush- 
ed stone. 

0.38  gallon  of  the  samo  emul- 
sion. 

Cover  stone 

Choke  stone 

Penetration  appli- 
cation. 

Seal  application 

Seal  cover 

ed  stone. 

0.18  gallon  of  the  same  emul- 
sion. 

11  pounds,  \i-  to  H-inch  gravel. 

The  cost  of  the  base  was  35.4  cents  per  square  yard 
or  $4,158  per  mile.  The  cost  of  the  surface  treatment 
was  33  cents  per  square  yard  or  $3,876  per  mile.  The 
total  cost  was  68.47  cents  per  square  yard  or  $8,034 
per  mile. 

PERFORMANCE  OF  SURFACE-TREATED  SECTIONS  NOT 
SATISFACTORY 

The  behavior  of  the  surface-treated  sections  was,  in 
general,  unsatisfactory.  In  the  spring  following  con- 
struction, extensive  failures  had  occurred. 

Except  on  section  21  which  was  discontinued  as  an 
experiment  and  rebuilt,  these  failures  were  repaired 
during  the  early  summer.  In  the  fall  a  light  surface 
treatment  was  added  to  sections  18,  19,  and  20.  This 
treatment  consisted  of  applying  one-quarter  gallon  of 
emulsion,  of  the  type  and  grade  used  on  the  original 
construction,  covering  with  screenings  at  the  rate  of 
about  25  pounds  per  square  yard  and  rolling. 

Following  this  maintenance  work  in  the  fall  of  1931 
all  the  sections  appeared  in  good  condition.  However, 
failures  occurred  again  during  the  winter  of  1931-32 
to  such  an  extent  that  it  was  decided  to  discontinue 
all  the  surface-treatment  experiments. 


Although  other  factors,   particularly   the   subgrade 

conditions  and  the  operation  of  heavy  equipment  for 
snow  removal,  seriously  affected  the  behavior  of  the 
sections,  an  important  cause  of  early  failure  was  insuf- 
ficient bituminous  material. 

As  shown  in  table  8,  all  of  the  surface-treatment 
experiments  except  section  1">  and  the  left  half  of  section 
16  were  greatly  deficient  in  bituminous  material. 
Because  of  the  low  specific  gravity  of  the  cover  stone, 
which  weighed  only  1,970  pounds  per  cubic  yard,  this 
deficiency  was  actually  greater  than  the  quantities  used 
might  indicate.  Table  8  gives  the  percentages  by  weight 
of  bitumen  which  would  have  resulted  had  the  same 
volume  of  asphaltic  material  been  used  with  the  same 
weight  of  aggregate  but  weighing  2,700  pounds  per 
cubic  yard. 

Experience  has  shown  that  surface-treated  wearing 
surfaces  require  approximately  0.1  gallon  of  bitumen 
for  each  10  pounds  of  cover,  particularly  where  the 
subgrade  is  poor.  It  is  believed  that  had  these  sections 
been  built  with  quantities  conforming  more  closely  to 
this  rule  the  surfaces  would  have  been  better  bonded 
and  more  plastic  and  would  therefore  have  been  more 
satisfactory,  particularly  for  the  conditions  which 
prevailed  on  this  project. 

Considering  the  character  of  the  subgrade,  the  un- 
favorable drainage  during  the  early  spring  months  and 
the  use  of  very  heavy  snow-removal  equipment,  it  is 
evident  that  the  conditions  were  unfavorable  for  any 
type  of  thin  surface  treatment,  and  were  particularly  so 
for  the  lean  surface  treatments  used  on  this  project. 

CONSTRUCTION  COST  DETAILS  GIVEN 

Due  to  the  experimental  nature  of  the  project  and  to 
the  short  sections  built,  the  actual  costs  of  the  different 
surfaces  are  excessively  high  and  would  no  doubt  be 
considerably  reduced  in  the  construction  of  an  appre- 
ciable mileage  of  any  one  type.  Table  9  gives  details 
of  costs  by  sections  and  the  following  tabulation  gives 


Table  S. — Quantity  of  bitumen  and  stone  cover  used  on  each  of  the  surface  treatments  and  conclusions  as  to  the  sufficiency  of  bitumen 

based  on  construction  and  early  service  behavior 


Section  and  lane 


14,  Left- 
Right 

15,  Left- 
Right 

16,  Left-. 
Right 

17,  Left- 
Right 

18,  Left  i. 
Left '. 
Right 

19,  Left- 
Right 

20,  Left- 
Right 

21,  Left- 
Right 


Bituminous  material 


Types 


}  150-200  asphalt,  hot_ 

94-f  asphaltic  oil,  hot 

do 

]  Asphalt  cut  back  with  naphtha  ' 

Emulsion  3 


} do'. 

} do'. 

} do'. 


Gallons 

per 
square 

yard 


0.72 
.72 
.29 
.29 
.69 
.59 
.66 
.67 
.77 

1.00 
.73 
.69 
.55 
.61 
.62 
.78 
.75 


Stone 
cover 


Pounds 
per  square 
yard 
93 
101 
27 
27 
63 
78 
80 
65 
79 
79 
84 
72 
78 
76 
79 
90 


Seal 


Applied 
..-do- 
None— 
....do.. 
Applied 
....do.. 
....do„ 
....do  . 
....do.. 
..._do~ 
....do.. 
. ...do- 
None.— 
....do.. 
... .do- 
Applied 
....do- 


Cover  stone  used 
for   each    0.1    gal- 
lon of  bitumen 


Stone  as 

used 
weighing 

1,970 
pounds 
per  cubic 

yard 


Pounds 
13 
14 


Based  on 

equal 
volume  of 

stone 
weighing 

2,700 
pounds 
per  cubic 

yard 


Pounds 
18 
lfl 
12 
12 
12 
18 
21 
16 
26 
19 
29 
26 
34 
30 
32 
29 
29 


Calculated  bitumen 


With  the 

stone 

used 
weighing 

1,970 
pounds 
per  cubic 

yard 


Percent- 
age by 
weight 
6.1 
6.6 
8.2 
8.2 
8.4 
5.9 
5.2 
6.4 
4.4 
5.6 
3.9 
4.3 
3.2 
3.6 
3.5 
3.9 
3.9 


Based  on 
equal 
volume 
of  stone 
weighing 

2,700 

pounds 

per  cubic 

yard 


Percent- 
age by 
weight 
4.5 
4.1 
6.  ii 
6.0 
6.1 
4.3 
3.8 
4.7 
3.2 
4.1 
2.8 
3.1 
2.3 
2.6 
2.5 
2.8 
2.8 


Adequacy  of  amount 
of  bitumen  used 
based  on  behavior 
of  the  surfaces 


Deficient. 

Do. 
Satisfactory. 

Do. 

Do. 
Slightly  deficient. 

lent. 
Slightly  deficient. 
Greatly  deficient. 
Deficient. 
Greatly  deficient. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


1  In  the  calculation,  emulsion  was  assumed  to  contain  56  percent  of  bitumen  and  the  naphtha  cut-back  80-percent  residual  bitumen. 

•  Stations  185  to  200+60. 

•  Stations  174+20  to  185. 
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Table 

9.- — Cost  of  construction  and  maintenance  of  the  experimental  sections 

Date  constructed 

Cost  ot  construction 

Cost  per  square  yard  of  maintaining  bituminous  surfaces 

Annual 

Sections 

Per 

square 
yard 

Per  mile 

Total  to 

October 

1930 

October 

1930  to 

January 

1931 

January 

1931  to 

April 

1931 

April 

1931  to 

July 

1931 

July 
1931  to 
October 

1931 

October 

1931  to 

January 

1932 

January 

1932  to 

April 

1932 

April 

1932  to 

July 

1932 

July 
1932  to 
October 

1932 

October 

1932  to 

July 

1933 

cost  per 
mile  of 
mainte- 
nance 

1,  A 

September  1929-.. 

do 

do — 

do 

do 

do 

.do 

Cents 
46.94 
51.18 
58.57 
66. 50 
69.68 
44.  57 
52.03 
47.17 
47.82 
59.55 
50.81 
71.19 
64.46 
04.62 
67.29 
74.10 
46.  68 
61.87 
71.33 
66.  74 
59.61 
58.55 
68.47 

Dollars 
5,507 
6,005 
6,872 
7.802 
8.  i75 
5,229 
6,  105 
5,534 
5,611 
6,987 
5,962 
8,353 
3  7,  563 
!  7,  582 
»  7, 895 
8,694 
5,  477 
7,259 
8.369 
7,831 
6,994 
6,870 
8.034 

I    Cents 

Cents 

Cents 

Cents 

Cents 
0.72 

.43 
.15 
1.13 
.54 
.11 
.68 

Cents 
0.22 

.22 

Cents 
0.19 

Cents 
0.36 

.29 
.37 
.71 
.32 

.57 

Cents 
'  3.41 

.61 
■  5.42 
'  1.82 
1  2.45 

.50 
1.43 

Cents 

None 

None 
None 
None 
None 
None 
None 

Dollars 

1   B 

153 

1,  C 

2 

3 

4 

1 

0.07 
.30 
.35 

.44 
.11 
.22 

51 

0.28 
.31 

204 

.31 

145 

5 

117 

do.... 

do 

do _. 

do 

do 

do 

.04 

42 

7 

73 

g 

13.29 

(2) 

9 

.07 

.05 
7.82 

.85 
3.30 
1.00 
1.19 
1.13 

.29 
1.92 
6.00 
1.19 
2.01 

.28 
.81 

11 

10 

11 

.14 

.36 

.03 

.20 

.63 

.38 

.18 

.05 

•9.75 

■9.90 

i  11.28 

(') 

.21 
0) 

(<) 

(*) 

38 

1.51 
1.33 
1.19 

0.06 

0) 

(0 
0) 

12 

do 

do. 

July  1930 

13 

.55 
.22 
.31 
.11 
.13 

14 

.32 
.11 

.67 
.08 
.45 
.22 
.24 
1.45 

(') 
(J) 
(2) 
(2) 

(2) 
(2) 

(2) 

15 

do 

do 

16 

0.05 

17 

do 

do 

18 

.32 

.03 

19 

do- 

.10 
.03 

20 

do 

21 

do 

1.10 

1  Experiment  retreated  in  part  only;  cost  prorated  over  entire  experiment. 

1  Surface  failed  and  experiment  discontinued 

» Includes  seal  applied  in  1930  to  complete  construction. 

'  Maintenance  cost  not  reported. 

the  average  unit  cost  of  some  of  the  more  important 
items  entering  into  the  construction  of  the  experimental 
sections: 

Local  stone  at  crushing  plant:  P"  cubic  VaTd 

%  inch  to  dust $1.  19 

%  to  Ksinch 2.46 

%  to  y2  inch 1.  44 

}i  to  y%  inch .  9g 

Other  aggregates,  f.  o.  b.  destination: 

Crushed  gravel,  %  inch  to  dust,  per  cubic  yard $2.  78 

Fine  sand  filler  (muck  sand),  per  ton 2.  25 

Up  to  the  time  of  the  inspection  in  1932  the  eight  sur- 
face-treated sections  had  required  complete  reconstruc- 
tion. The  three  road-mix  sections  on  which  emulsions 
were  used  had  received  extensive  repairs  where  subgrade 
failures  had  occurred.  The  road-mix  section  with  70-80 
oil  and  open-graded  aggregate  had  been  reconstructed 
by  extensive  foundation  repairs  and  by  reworking  the 
surface  with  the  addition  of  fines.  The  remaining  nine 
sections,  all  of  the  road-mix  type,  had  required  some 
repairs  due  primarily  to  base  failures  but  were  generally 
in  good  condition. 

Later  inspection  of  the  experimental  sections  in  1934, 
5  years  after  construction,  showed  that  all  of  the  road- 
mix  sections  were  in  serviceable  condition.  No  exten- 
sive maintenance  or  reconstruction  had  been  required 
except  over  certain  areas  where  poor  subgrade  and 
drainage  existed.  A  seal  coat  of  hot  oil  had  been  applied 
to  portions  of  sections  1,  3,  4,  5,  and  7  and  to  all  of 
sections  11,  12,  and  13. 

RESULTS  OF  INVESTIGATION  SUMMARIZED 

A  summary  of  the  more  important  results  follows: 

1 .  Portions  of  the  oil-mix  sections  were  affected  by 
capillary  moisture  which  resulted  in  the  surface 
becoming  soft  and  unstable. 

2.  The  effect  of  moisture  on  the  road-mix  sections 
with  slow-curing  oils  was  greatest  with  the  rich  mixes 
and  on  areas  where  the  drainage  was  not  satisfactory, 
as  well  as  on  subgrades  having  high  capillarity. 

3.  The  road-mix  surfaces  containing  emulsion  and 
nit-back  asphalt  did  not  lose  stability  or  develop  soft 


areas  from  the  action  of  moisture  as  did  several  of  the 
oil-mix  sections. 

4.  The  action  of  moisture  seemed  to  be  more  severe 
on  the  oil  and  gravel  mixes  than  on  the  oil  and  crushed 
stone  mixes. 

5.  The  excellent  behavior  of  a  lean  oil  mix  with  a 
light  surface  treatment  of  heavy  asphaltic  oil  and  stone 
chips  suggests  possible  advantages  of  this  type  over 
the  richer  and  unsealed  oil  mixes,  particularly  where 
moisture  conditions  are  unfavorable. 

6.  Satisfactory  repair  of  those  portions  of  the  oil-mix 
surfaces  which  softened  was  obtained  by  scarifying  and 
remixing. 

7.  Slow-curing  or  medium-curing  bituminous  mate- 
rials should  be  used  for  road-mix  construction  with 
aggregates  of  the  dense-graded  type,  while  the  more 
rapid-curing  materials  are  best  adapted  to  aggregates 
of  the  more  open  type  (those  containing  less  than  5 
percent  of  material  passing  the  no.  200  sieve). 

8.  The  results  of  these  experiments  indicate  that 
several  of  the  formulas  now  in  use  are  satisfactory  for 
determining  the  amount  of  bituminous  material  re- 
quired as  binder  in  road-mix  construction  with  the 
lighter  slow-curing  oils  and  close-graded  aggregates. 

9.  For  the  very  heavy  slow-curing  oils  and  the  cut- 
backs and  emulsions  which  develop  heavy  asphaltic 
residues  in  the  road  surface,  somewhat  greater  quanti- 
ties than  those  indicated  by  the  formulas  may  be  used 
to  advantage. 

10.  Early  failure  of  the  road-mix  sections  occurred 
generally  where  unsatisfactory  subgrade  conditions 
existed.  In  the  case  of  the  unsealed  portions  of  the 
road-mixes  containing  emulsions,  failure  was  hastened 
by  the  open  and  porous  condition  of  the  mix. 

11.  Early  failure  of  the  treated  surfaces  was  due  to 
the  unsatisfactory  subgrade  and  the  use  of  an  insuffi- 
cient amount  of  bituminous  material  which  resulted  in 
surfaces  which  were  highly  friable  and  poorly  bonded. 
Because  of  the  dust  content  and  low  specific  gravity  of 
the  stone  cover,  the  deficiency  in  bitumionus  material 
was  greater  than  the  quantities  indicate  when  ex- 
pressed by  weight. 
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SOIL  ROAD  SURFACES 

BY  THE  DIVISION  OF  TESTS,  UNITED  STATES  BUREAU  OF  PUBLIC  ROADS 

Reported  by  C.  A.  HOGENTOGLER,  Senior  Highway  Engineer 


Figure  1. — A  Sand-Clay  Surface  in  Muscogee  County,  Ga. 


SOIL  is  the  oldest  and  probably  the  most  used  of  all 
engineering  materials.  However,  substantial  con- 
tributions to  our  present  knowledge  of  soils  date  only 
from  the  very  recent  time  when  the  importance  of  the 
physical  character  of  the  soil  and  the  effect  of  surface 
tension  of  contained  moisture  were  first  recognized. 

The  first  studies  in  soil  physics  were  inaugurated  for 
the  purpose  of  identifying  properties  important  in 
agriculture  and  geology.  Tests  of  physical  properties 
developed  in  these  studies  were  used  in  identifying  top- 
soils  suitable  for  use  in  road  surfaces.  Later  these 
tests  were  used  in  classifying  subgrades  with  respect  to 
performance  in  supporting  road  surfaces.  More  re- 
cently they  became  the  basis  of  research  in  soil  me- 
chanics and  now  they  are  being  used  in  establishing 
the  fundamental  principles  and  construction  procedures 
in  the  new  field  of  soil  stabilization. 

PERFORMANCE  OF  SOILS   DEPENDS   UPON   THE   CHARACTER   AND 
GRADING  OF  THE  CONSTITUENTS 

Milton  Whitney  in  1892,  then  chief  of  the  Weather 
Bureau,  first  explained  in  detail  the  effect  of  surface 
tension  in  contracting,  expanding,  and  supplying  cohe- 
sion in  soils.1  He  thus  furnished  the  basis  for  the 
present  method  of  soil  identification  by  means  of  phys- 
ical characteristics. 

In  1898  Dr.  George  E.  Ladd  advanced  two  additional 
basic  guides:  That  silt  consists  of  bulky  grains  and  clay 
of  scalelike  particles,  and  that  shrinkage  of  soil  is 
caused  by  surface  tension  when  water  recedes  in  the  soil 
capillaries.2 

Simple  tests  used  in  the  present  routine  testing  pro- 
cedure to  disclose  the  physical  properties  of  road  soils 

1  Weather  Bulletin  No.  4,  U.  S.  Department  of  Agriculture. 

!  Geological  Phenomena  Resulting  from  the  Surface  Tension  of  Water,  by  Oeorgc 
E.  Ladd,  American  Geologist,  vol.  22,  no.  5,  November  1898.  Clays  of  Georgia,  by 
George  E.  Ladd,  Geological  Survey  of  Georgia,  Bull.  No.  6-A,  1898. 
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were  devised  by  A.  Atterberg,  a  Swedish  scientist,  as 
early  as  191 1.3  However,  it  remained  for  A.  C.  Rose, 
of  the  United  States  Bureau  of  Public  Roads,  in  1924, 
to  first  correlate  road  surface  performance  with  the 
results  of  tests  devised  to  disclose  the  physical  properties 
of  subgrade  soils.4 

The  publication  of  a  treatise  on  soil  mechanics  by 
Charles  Terzaghi  in  1925 5  marks  another  important  step 
in  the  progress  of  soil  studies.  For  the  first  time 
mathematical  formulas  were  available  for  determining 
quantitatively  the  effects  of  surface  tension  on  the 
performance  of  soils. 

Appropriate  tests  based  upon  Terzaghi's  theory  of 
consolidation  opened  the  way  to  determining  properties 
such  as  compressibility,  expansibility,  and  permeabi- 
lity. With  such  information,  furnished  by  tests  on 
small  samples  in  the  laboratory,  it  became  possible  to 
estimate  the  ultimate  settlements  to  be  expected  in 
foundations  constructed  on  soft  undersoils  and  also  the 
rate  at  which  they  would  be  likely  to  occur. 

Investigations  begun  in  1906  by  Dr.  C.  M.  Strahan,8 
then  county  engineer  of  Clark  County,  Ga.,  mark  the 
first  consistent  effort  to  correlate  the  performance  of 
topsoils  in  road  surfaces  with  their  gradings  as  deter- 
mined by  mechanical  analyses. 

The  name  "  topsoil "  was  applied  to  soil  skimmed  from 
the  surface  of  fields  to  shallow  depths.  It  was  thought 
that  during  long  cultivation  such  deposits  had  under- 
gone weathering,  water  separation,  and  the  probable 

3  Uber  die  physikalische  Bodenuntersuchung,  und  Uber  die  Plastizitiit  der  Tone, 
bj  \  Atterberg,  Internationale  Mitteilungen  fur  liudenkunde,  vol.  1,  1911;  see  also 
Adaptation  of  Atterberg  Plasticity  Tests  for  Subgrade  Soils,  by  A.  M.  Wintermyer, 
I'ul.lic  Roads,  vol.  7.  no.  6,  August  1926. 

•  Practical  Field  Tests  for  Subgrade  Soils,  Public  Roads,  vol.  5,  no.  6,  August  1924; 
and  Present  Status  of  Subgrade  Studies,  Public  Roads,  vol.  6,  no.  7,  September  1925. 

1  Erdbaumechanik,  by  Charles  Terzaghi,  Vienna,  1925 

'  Research  Work  on  Semi  ( travel,  Topsoil,  and  Sand-Clay,  and  Other  Road  Mate- 
rials in  Georgia,  by  Dr.  C.  M.  Strahan,  Bulletin  of  the  University  of  Georgia,  vol.  22, 
no.  5a,  June  1932. 
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influence  of  organic  acids  which  gave  them  their  supe- 
rior consistency  and.  binding  stability. 

In  Dr.  Stratum's  work  samples  were  obtained  from 
short  stretches  of  existing  roads  where  firmness  and 
water-resisting  qualities  were  noted  in  contrast  with 
ordinary  conditions  of  dirt  roads.  Fifty  or  more 
counties  were  visited  during  the  study.  The  data  from 
laboratory  tests  dn  the  samples  collected  were  related 
to  the  road  behavior  under  varying  weather  conditions 
and  traffic,  and  the  conclusions  reached  became  the  basis 
for  selecting  materials  and  the  adoption  of  laboratory 
standards. 

The  first  statement  of  the  probable  mode  of  action  of 
road  soils  under  traffic  and  weather  was  prepared  by 
Dr.  Strahan  in  1914  for  distribution  at  the  Fourth 
American  Road  Congress  held  that  year  in  Atlanta,  Ga. 

After  the  passage  of  the  Federal-aid  act  in  1916,  the 
first  conference  of  State  highway  testing  engineers  and 
chemists  was  called  to  meet  in  Washington,  February 
1917,  under  the  auspices  of  the  Bureau  of  Public  Roads, 
to  consult  concerning  standards  and  specifications  for 
the  various  road  building  materials.  A  committee  7  on 
semigravel,  topsoil,  and  sand-clay  aggregates  recom- 
mended gradings  for  three  classes  of  topsoils,  hard  or 
class  A,  medium  or  class  B,  and  soft  or  class  C,  and  the 
recommendations  were  adopted. 

The  gradings  adopted  remained  unchanged  in  sub- 
sequent reports  by  Dr.  Strahan,  the  last  of  which  was 
published  in  Public  Roads,  September  1929. 

ROAD-SOIL  GROUPINGS  AND  THEORY  OF  STABILITY  DEVELOPED 

A  report 8  resulting  from  a  combined  attack  on  the 
road-soil  problem  by  the  soil  physicist,  the  pedologist, 
and  the  geologist,  cooperating  with  the  highway  engi- 
neer, published  in  1929,  added  two  new  developments 
on  the  subject  of  soil  studies  which  by  this  time  was 
rapidly  growing  into  proportions  having  all  the  sem- 
blance of  a  new  branch  of  science.     They  were: 

1.  A  procedure  for  testing  soils  in  the  laboratory 
and  classifying  them  in  groups  according  to  a  fixed 
classification  schedule.  All  the  soils  in  a  given  group 
have  similar  characteristics  with  regard  to  drainage 
and  are  similar  in  their  effect  on  road  design. 

2.  A  mathematical  theory  of  stability  which  gave 
some  conception  of  the  relative  influence  of  such  fac- 
tors as  the  granular  fraction,  the  cohesive  fraction,  the 
moisture  content  of  the  soil  and  the  weight  and  the 
load  distribution  properties  of  the  road  surface. 

The  soil  grouping  proposed  had  the  unique  feature 
of  indicating  performance  under  existing  conditions  of 
traffic,  construction,  and  climate.  In  this  it  differed 
from  the  older  classifications  of  the  geologist  based 
upon  geological  origin  and  that  of  the  agronomist 
based  upon  the  pedologic  development. 

The  development  of  this  grouping  was  in  response  to 
the  general  question  "What  conspicuous  performances 
of  soil  are  of  interest  in  the  design,  construction,  and 
maintenance  of  highways?"  Answers  to  this  question 
form  the  basis  of  the  group  designations.  Thus  one 
group  includes  soils  of  high  stability  generally  as  dis- 
tinguished from  soils  of  other  groups  which  may  have 
high  stability  only  under  unusually  moist  conditions 
on  one  hand  or  unusually  dry  conditions  on  the  other. 

The  groupings  provide  for  separate  classification  of 
soils  which  are  apt  to  heave  detrimentally  due  to  frost 
and  the  granular  soils  in  which  such  trouble  is  not  to 
be  expected,  and  also  the  elastic  soils  in  which  special 


methods  of  preparation  are  required  to  eliminate  detri- 
mental rebound  after  consolidation  and  the  compres- 
sible soils  not  characterized  by  such  rebound. 

In  yet  other  groups  are  the  soils  which  require  special 
treatment  in  order  that  detrimental  shrinkage  or  swell 
of  the  subgrade  be  prevented,  and  also  the  peaty  and 
muck  soils  which  give  low  support. 

Within  the  groups  of  soils  subject  to  frost  heave 
there  is  the  further  distinction  between  those  soils  for 
which  the  corrective  measure  is  drainage,  those  on 
which  bituminous  surface  treatments  or  other  impervi- 
ous coverings  prove  beneficial  and  those  which,  be- 
cause of  high  capillary  properties,  can  be  improved 
only  by  means  of  thick  coverings  of  granular  material. 

The  ultimate  aim  of  this  classification  is  to  have 
each  group  designation  signify  characteristic  perform- 
ance of  soils,  the  methods  of  improving  performance, 
and  the  corresponding  road  surface  requirements. 

In  this  connection  the  gradings  suggested  by  Dr. 
Strahan,  modified  in  the  light  of  new  experience  and 
supplemented  by  the  results  of  simple  physical  tests, 
were  adopted  for  use  in  the  identification  of  the  quality 
of  soil  mixtures  and  to  disclose  the  effect  of  admixtures 
in  improving  the  quality  of  the  poorer  soils.9 

THE  THEORY  OF  STABILITY  DISCUSSED 

Soil  movement  during  loss  of  stability  or  rutting  is 
illustrated  by  figure  2.  It  is  assumed  that  the  load  is 
applied  for  an  indefinite  length  over  a  width  of  2b.  For 
deformation  under  the  load  to  occur,  the  section  A 
must  shear  along  some  plane  such  as  S  and  displace 
laterally  as  indicated  in  figure  2,  B.  But  for  this  to 
occur,  the  adjacent  section  marked  C  must  shear  along 
some  surface  as  S'  and,  in  consequence,  displace 
upward  forming  a  bulge  adjacent  to  the  loaded  area  as 
shown  in  figure  2,  C. 

Actually  the  surfaces  S  and  *S"  may  be  parts  of  a 
continuously  curved  surface  but,  for  mathematical 
treatment,  "they  may  be  considered  as  separate  plane 
surfaces  without  introducing  a  large  error. 

If  rutting  is  to  be  prevented,  the  prism  C  must  resist 
displacement  sufficiently  to  prevent  the  lateral  bulging 
of  the  prism  A.  This  may  be  accomplished  by  two 
means,  separately  or  in  combination.  The  shear 
strength  along  the  planes  S  and  <S"  must  be  sufficiently 
high  to  prevent  sliding  of  the  prisms,  or  sufficient 
weight  must  be  placed  adjacent  to  the  loaded  area  to 
prevent  the  upward  bulging  of  the  prism  C. 

Friction  between  the  granular  particles,  combined 
with  the  stickiness  or  cohesion  furnished  by  clay  or 
water  films  in  the  binder,  control  the  shear  strength  of 
the  soil.  The  road  surface  furnishes  the  weight  adjacent 
to  the  loaded  area. 

Table  1  gives  theoretical  supporting  values  for  con- 
ditions of  load  as  shown  in  figure  2,  and  serves  to 
illustrate  the  effect  of  internal  friction  and  cohesion 
under  varying  moisture  conditions.  These  data  dis- 
close that  the  supporting  value  of  clay  soils  may  drop 
from  as  much  as  about  12,000  pounds  per  square  foot 
to  less  than  400  pounds  per  square  foot  with  change 

7  The  committee  consisted  of  C.  M.  Strahan,  of  Georgia;  C.  B.  Scott,  of  Virginia; 
and  I.  B.  Mullis,  of  North  Carolina. 

9  Interrelationship  of  Load,  Road  and  Subgrade,  by  C.  A.  Hogentogler  and  Charles 
Terzaghi,  Public  Roads,  vol.  10,  no.  3,  May  1929. 

9  See  Interrelationship  of  Load,  Road,  and  Subgrade,  by  C.  A.  Hogentogler  and 
Charles  Terzaghi,  Public  Roads,  vol.  10,  no.  3,  May  1929,  p.  10;  The  Subgrade  Soil 
Constants,  Their  Significance,  and  Their  Application  in  Practice,  Part  2,  by  C.  A. 
Uogentogler,  A.  M.  Wintermyer,  and  E.  A.  Willis,  Public  Roads,  vol.  12,  no.  5, 
Julv  1931,  p.  134;  Tar  Surface  Treatment  of  Low  Cost  Roads,  Public  Roads,  vol.  14, 
no.  1,  March  1933,  p.  13. 
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Figure  2. — Shear    Planes    Along     Which     Lateral     Dis- 
k_  u.  i  fc.1  placement  of  Soils  Occurs. 

from  the  dry  or  damp  to  a  soft  or  almost  liquid  state. 
Since  the  computations  are  based  on  the  assumption 
that  the  load  is  applied  to  a  narrow  strip  of  indefinite 
length,  the  conditions  are  different  from  those  of  a  wheel 
load.  The  values  given  serve  to  illustrate  the  effect  of 
moisture  on  stability  and  are  not  suggested  as  a  basis 
for  road  design. 

While  the  stability  of  a  cohesionless  sand  may  be  less 
than  300  pounds  per  square  foot  and  that  of  a  fairly 
stiff  clay  about  5,000  pounds  per  square  foot,  these  two 
materials  properly  combined  may  have  a  supporting 
value  of  more  than  17,000  pounds  per  square  foot.  As 
a  matter  of  fact,  only  the  cohesion  of  an  almost  liquid 
clay,  about  130  pounds  per  square  foot,  is  required  to 
increase  the  supporting  value  of  cohesionless  sand  from 
270  pounds  per  square  foot  to  2,500  pounds  per  square 
foot. 

The  essential  consideration  in  stabilization  is  to  pro- 
vide the  combination  of  internal  friction  and  cohesion 
required  to  furnish  the  soil  with  high  shearing  strength. 
This  quality  is  necessary  in  road  surfaces,  subgrades, 
and  bases  for  thin  wearing  courses.  Regardless  of  the 
methods  used  to  provide  high  shearing  strength,  the 
success  of  the  efforts  will  depend  upon  the  permanent 
adhesive  strength  which  can  be  developed  by  the  minute 
films,  whether  of  water  or  of  special  chemical  substances 
which  connect  the  soil  particles. 

It  is  well  known  that  the  denser  the  soil,  the  greater  is 
its  stability.  This  is  due  only  in  part  to  the  greater 
mechanical  bond  resulting  from  the  closer  association 
of  grains.    Of  more  importance  is  the  fact  that  the  thin- 


Table   1. — Influence  of  internal  friction  and  cohesion  upon  the 
stability  of  soils 
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foot 


Clay,  liquid..   

Clay,  very  soft 

Clay,  soft 

Clay,  fairly  stiff 

Clay,  very  stiff 
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'  Computations  based  on  assumptions  that  weight  of  the  soil  equals  100  pounds  per 
cubic  foot  and  width  of  loaded  area  equals  3  inches. 

ner  the  connecting  films  the  greater  is  their  adhesive 
force.  Until  the  characteristics  of  materials  in  film 
phase  are  understood,  the  enormous  cohesion  furnished 
by  films  of  molecular  thicknesses  cannot  be  visualized 
nor  the  full  possibilities  of  soil  stabilization  realized. 

To  facilitate  an  understanding  of  the  colloidal 
phenomena  which  serve  as  a  basis  for  the  intelligent 
formulation  of  methods  of  stabilization,  there  is  pre- 
sented the  following  digest,  mainly  from  Bancroft  10 
on  the  general  theory  of  colloid  chemistry  as  it  applies 
to  the  cohesion  furnished  by  films  of  submicroscopic 
dimensions  in  the  soil. 

MOISTURE  IN  FILM  PHASE  CAN  GREATLY  INCREASE  SOIL  STABILITY 

All  solids  tend  to  adsorb  or  condense  on  their  surfaces 
any  gases  or  vapors  with  which  they  are  in  contact. 
Adsorption  is  specific  and  varies  with  the  nature  of  the 
gas  and  of  the  adsorbing  solid.  With  the  same  solid  and 
the  same  gas  the  amount  of  adsorption  is  greater  the 
higher  the  pressure  of  the  gas  and  the  lower  the  tem- 
perature. 

If  a  liquid  is  adsorbed  at  a  solid  surface,  if  forms  a 
liquid  film  there  and  thus  wets  the  solid.  For  a  liquid 
to  wet  a  solid  in  the  presence  of  air  the  liquid  must  lie 
adsorbed  more  strongly  than  the  air  and  must  displace 
the  air. 

During  a  period  of  drought,  drops  of  rain  will  often 
roll  along  the  dust  without  wetting  it.  Even  in  the 
case  of  a  shower  the  dust  may  be  only  wetted  to  a  depth 
of  less  than  %  inch.  This  has  been  shown  to  be  due  to 
the  adsorbed  air  on  the  surface  of  the  solid.  Any  treat- 
ment which  cuts  down  the  amount  of  adsorbed  air  makes 
the  dust  more  easily  wetted. 

Some  conception  of  the  character  of  gas  films  is 
furnished  by  the  thought  that  the  transition  of  a  pure 
liquid  to  its  own  vapor  is  not  abrupt  hut  that  over  a 
narrow'  range  all  the  densities  intermediate  between 
those  of  vapor  and  of  the  liquid  actually  occur.  One 
authority  estimates  the  transition  lihn  for  carbon 
dioxide  at  20°  C.  to  be  3  molecules  or  about  3  ten- 
millionth^  of  an  inch  thick. 

Williams"  suggested  in  1920  that  the  first  layer  of 
an  adsorbed  <_ras  vapor  may  be  under  a  pressure  of  as 
much  as  10,000  atmospheres  and  have  a  corresponding 
density.  From  the  first  layer  outward  the  density 
decreases  to  that  of  the  liquid  in  bulk  in  the  outermost 
layer. 

io Applied  Colloidal  Chemistry  by  W.  I>.    Bancroft,   McGraw-Hill   Hook  Co., 
Inc.,  1932 
ii  Proceedings  of  the  Royal  Society,  vol.  98A,  1920,  p.  223. 
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In  like  manner,  the  character  of  water  changes  with 
the  size  of  the  particle.  Drops  Xo.ooo  of  an  inch  to  about 
X, ooo, ooo  inch  in  size,  when  suspended  in  the  air,  appear 
as  fog  if  you  walk  through  them  and  as  a  cloud  if  you 
look  at  them  from  a  distance.  Under  electrical  stress 
they  coalesce  to  form  raindrops  at  sizes  of  about  X300 
inch  to  X  inch  in  size,  which  eventually  become  mois- 
ture films  in  soils. 

So  long  as  the  soils  are  in  a  liquid  or  a  plastic  state, 
the  films  have  in  general  the  evaporation  and  freezing 
characteristics  and  the  surface  tension  of  water  in  bulk. 
When  drying  or  mechanical  compaction  reduces  the 
density  of  the  soil  below  that  at  the  plastic  limit,  the 
boiling  point  of  the  film  rises,  the  freezing  point  lowers, 
and  the  surface  tension  increases  so  that  these  films 
become  somewhat  tougher  than  water  in  bulk.12  This 
causes  the  soil  to  change  from  a  plastic  to  a  semisolid 
material.  In  thicknesses  below  X, 000. 000  of  an  inch,  the 
films  behave,  according  to  Terzaghi,  like  semisolid 
substances.13 

The  very  fine  vapor  films  have  an  adhesive  power  so 
great  that  they  cannot  be  removed  from  glass  by  heat- 
ing at  a  temperature  up  to  500°  C.  This  high  tenacity 
is  utilized  in  the  manufacture  of  frosted  glass  for  use 
in  office  doors  and  windows.  Rather  thick  glass  is 
first  coated  with  gelatine  or  glue.  As  the  glue  loses 
moisture  it  contracts,  and  the  power  of  the  gelatine  is 
so  great  that  it  tears  away  the  surface  of  the  glass 
itself,  chipping  it  into  fern-like  patterns.  A  brittle 
glue  will  give  a  different  pattern  from  a  tough  glue, 
;ui (I  the  addition  of  salts  also  modifies  the  patterns. 

That  the  properties  of  the  minute  moisture  films  ap- 
proach those  of  semisolids  instead  of  liquids  accounts 
for  the  fact  shown  by  Keen  14  that  samples  of  sand 
grains  with  a  binder  of  clay  colloids  can  be  19  times  as 
strong  in  compression  as  similar  sand  grains  with  an 
equal  proportion  of  portland  cement  binder. 

The  theory  of  adhesion  depends  in  part  on  the  fact 
that  the  cementing  material  adheres  strongly  to  the  two 
surfaces  and  hardens  there.  For  a  given  adhesive  film 
and  given  materials  the  thinnest  film  gives  the  strongest 
joint.  The  thickness  of  films  depends  upon  both  the 
adhesive  and  the  materials  to  be  cemented.  A  slight 
change  in  the  electrolytic  properties  of  the  latter  is 
sufficient  to  cause  a  considerable  variation  in  the  thick- 
ness of  the  adhesive  film  and  consequently  in  the 
strength  of  the  resulting  mixture  of  adhesive  and 
aggregate. 

According  to  Bancroft,  Pettijohn  15  found  about 
X, 000, 000  of  an  inch  for  the  maximum  thickness  of  a 
water  film  on  pearls  made  from  one  type  of  glass  and 
10A, 000, 000  of  an  inch  for  pearls  made  from  another  type. 
With  river  sand  the  estimated  thickness  varied  from 
2X, 000, 000  with  10-mesh  sand  to  X, 000, 000  of  an  inch  with 
60-mesh  sand. 

Methods  utilized  to  obtain  or  maintain  adhesive  film 
strength  in  soils  may  be  listed  as  follows: 

1.  Use  of  graded  materials  with  granular  material 
and  binder  of  such  character  and  in  such  proportions 
as  to  furnish  the  required  pore  size. 

2.  Treatment  of  road  surface  mixtures  with  deli- 
quescent chemicals  to  stabilize  the  moisture  content. 

'2  Simplified  Soil  Tests  for  Subgrades  and  their  Physical  Significance,  by  Charles 
Terzaghi,  Public  Roads,  vol.  7,  no.  8,  October  1926,  p.  154. 

»  Physical  Review,  vol.  16,  1920,  p.  56. 

»  The  Physical  Properties  of  the  Soil,  by  Bernard  A.  Keen,  Longmans  Green  and 
Co.,  1931. 

»  Journal  of  the  American  Chemical  Society,  vol.  41,  1919,  p.  477. 


3.  Densification  of  soil  at  optimum  moisture  content 
or  treatment  with  chemical  electrolyzers  to  facilitate 
the  wetting  of  soil  grams  and  decrease  the  thickness  of 
the  moisture  films;  use  of  bituminous  materials  to 
increase  the  cohesion  and  eliminate  those  properties  of 
clay  and  colloids  productive  of  detrimental  volume 
change ;  and  use  of  crystallizers  to  form  water-resistant 
connecting  films  by  hydration  or  base  exchange. 

4.  Stabilization  of  the  moisture  content  by  water- 
proofing the  soil  with  impervious  surface  treatments 
of  bituminous  materials. 

WELL-GRADED  MATERIALS  HAVE  CERTAIN  ESSENTIAL  FEATURES 

Certain  soils  can  be  used  to  make  a  firm  and  hard 
road  surface,  capable  of  supporting  the  heaviest  loads 
after  long  rains,  free  from  mud  or  excessive  dust,  and 
which  will  carry  traffic  in  both  wet  and  dry  weather 
without  undue  injury.  Figure  1  is  an  example  of  such 
a  surface. 

Such  materials  are  designated  as  hard  or  class  A  by 
Dr.  Strahan  and  consist  of  coarse  aggregate  and  soil 
mortar.  The  coarse  aggregate  is  that  portion  retained 
on  the  no.  10  sieve  and  includes  particles  of  natural 
gravel,  supplemented  when  necessary  with  crushed 
stone  or  slag.  Generally  the  largest  particles  should 
not  exceed  about  1  inch. 

The  mortar  includes  coarse  sand  or  other  granular 
material  passing  the  no.  10  sieve  and  retained  on  the 
no.  60  sieve;  fine  sand  passing  the  no.  60  sieve  and 
retained  on  the  no.  270  sieve;  silt  particles  between 
0.05  and  0.005  mm  (0.002  inch  to  0.0002  inch)  in  dia- 
meter; clay  particles  smaller  than  0.005  mm  in  dia- 
meter; and  moisture. 

The  coarse  aggregate  and  coarse  sand  furnish  struc- 
tural strength  and  hardness;  fine  sand  adds  an  em- 
bedment support  to  the  coarse  sand;  silt  acts  as  a 
filler  to  prevent  the  granular  particles  from  rocking; 
and  clay  and  colloidal  particles  provide  pores  minute 
enough  to  cause  connecting  moisture  films  which  pro- 
duce high  cohesion. 

Dr.  Strahan  called  attention  to  the  importance  of 
the  soil  mortar  as  follows:  "In  judging  these  materials 
(road  soils)  full  emphasis  should  be  placed  upon  the 
soil  mortar,  i.  e.,  material  below  no.  10  sieve.  Weak 
soil  mortars  even  with  large  amounts  of  coarse  material 
often  do  not  give  proper  stability  under  traffic." 

In  Dr.  Strahan's  reports  clay  is  used  to  designate 
particles  less  than  about  0.02  millimeter  in  diameter: 
silt,  those  particles  with  diameters  between  0.02  and 
0.07  millimeter;  and  sand,  those  particles  larger  than 
0.07  millimeter  in  diameter. 

In  more  recent  work  new  size  ranges  have  been 
adopted  for  several  reasons: 

1.  The  new  sizes  represent  fractions  having  special 
physical  significance.  Particles  larger  than  0.05  milli- 
meter have  neither  cohesion  nor  capillarity  in  appre- 
ciable amount;  particles  varying  between  0.05  and 
0.005  millimeter  have  considerable  capillarity  but  little 
or  no  cohesion;  and  only  particles  smaller  than  about 
0.005  millimeter  can  furnish  cohesion. 

2.  The  new  sizes  are  used  by  the  Bureau  of  Chemistry 
and  Soils  of  the  United  States  Department  of  Agricul- 
ture. The  use  of  the  same  size  ranges  in  highway 
work  facilitates  the  use  of  the  great  amount  of  published 
information  on  soil  surveys  made  by  that  bureau  in 
which  the  mechanical  analysis  plays  an  important  part. 
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3.  Prior  to  the  development  of  the  hydrometer 
method  of  analysis,  the  determination  of  the  complete 
grading  of  the  subsieve  fraction  was  so  laborious  as  to 
be  impractical  as  a  routine  test  for  highway  purposes. 
With  the  hydrometer  method  the  grading  according 
to  the  new  sizes  may  be  determined  with  no  greater 
effort  than  was  required  for  the  determination  of  the 
grading  by  the  old  method  of  decantation. 

Experience  with  soils  indicates  that  they  arc  stable 
only  when  they  contain  constituents  which  produce  the 
following: 

1.  A  certain  total  of  seating  and  embedment  stability 
together  with  the  density  required  to  resist  traffic 
pressures  and  impacts. 

2.  An  internal  bond  developed  from  interlocking 
grains  and  capillary  moisture  forces  sufficient  to  cause 
the  coarser  sizes  of  sand  and  the  coarse  aggregate  to 
have  high  stability  during  wet  weather  when  the 
cohesion  furnished  by  the  clay  may  be  greatly  reduced. 

3.  Sufficient  cohesion  in  the  binder  to  cement  the 
sand  and  silt  when  in  a  dry  or  almost  dry  condition 
and  thus  maintain  the  integrity  of  the  surface  during 
dry  weather. 

4.  A  surface  which  maintains  constant  volume,  that 
is,  there  should  not  be  so  much  clay  that  its  expansion 
by  water  will  break  the  seating  and  embedment  bond 
of  the  granular  particles. 

5.  Rapid  evaporation  to  prevent  the  accumulation 
of  capillary  moisture  from  the  subgrade  beneath  and 
active  percolation  to  dispose  of  the  rain  water  which 
may  collect  on  the  roadway  in  spite  of  efforts  to  main- 
tain a  smooth  surface  for  the  prompt  removal  of  water. 

The  design  of  soil  mixtures  to  provide  these  condi- 
tions is  now  based  on  the  grading  of  the  entire  soil 
sample  as  determined  by  mechanical  analyses,  and  on 
the  binding  properties  of  the  fines  as  disclosed  by  plas- 
ticity tests  performed  on  the  fraction  of  soil  passing 
the  no.  40  sieve. 

Materials  falling  within  the  following  composition 
limits,  by  weight,  should  produce  good  results: 

Passing —  Percent 

1-inch  screen 16  100 

%-inch  screen 85-100 

No.  4  sieve 55-85 

No.  10  sieve 40-65 

No.  40  sieve 25-50 

No.  270  sieve 10-25 

The  fraction  passing  the  no.  270  sieve  should  be  less 
than  two-thirds  of  the  fraction  passing  the  no.  40  sieve. 
Depending  upon  moisture  conditions  as  discussed 
below,  the  fraction  passing  the  no.  40  sieve  shall  have 
a  plasticity  index  between  1  and  15  and  a  liquid  limit 
not  exceeding  35  as  determined  by  physical  tests  made 
according  to  the  methods  of  the  Bureau  of  Public 
Roads.17 

As  early  as  1922  Dr.  Straham  called  attention  to 
the  need  for  tests  to  disclose  binding  properties,  sug- 
gesting that  a  highly  colloidal  clay  in  small  amounts 
would  evidently  give  adhesive  strength  equal  to  that 
produced  by  a  large  amount  of  less  colloidal  clay  in  a 
road  soil  mixture. 

Another  important  indication  was  furnished  by  the 
work  of  the  late  Raymond  Smith  of  the  Ohio  Depart- 
ment of  Highways.  Working  with  Prof.  F.  H.  Eno  of 
Ohio   State   University   in   constructing   traffic-bound 

'«  Material  of  greater  maximum  size  can  be  used  under  certain  conditions  but  the 
largest  aggregate  should  never  exceed  'A  the  thickness  of  the  stabilized  layer  and  not 
more  than  10  percent  of  the  material  should  exceed  1  inch. 

17  Procedures  for  Testing  Soils  for  the  Determination  of  the  Subgrade  Soil  Con- 
stants, by  A.  M.  Wintermver,  E.  A.  Willis,  and  R.  ('.  Thoreen.  Public  Roads,  vol. 
12,  no.  8,  October  1931. 


roads,  he  found  that  the  stabilizing  of  material  con- 
sisting principally  of  rounded  particles,  was  greatly 
facilitated  by  additions  of  crushed  materials  or  granu- 
lated slag. 

As  an  additional  guide,  the  field  moisture  equiva- 
lents may  serve  to  indicate  the  tendency  of  binders  to 
soften  under  conditions  producing  high  moisture  eon- 
tents.  In  this  connection  values  of  20  and  less,  20  to 
25  and  greater  than  25  indicate  respectively  the  best, 
the  medium,  and  the  poorer  materials. 

PLASTICITY  TESTS  INDICATE   BOTH   CAPILLARITY   AND   COHESION 

All  cohesive  soils  have  capillary  properties  but  all 
soils  with  capillarity  do  not  have  cohesion.  Liquid 
limits  up  to  about  20  or  slightly  more  generally  indicate 
sandy  materials  with  negligible  capillarity.  The  more 
the  liquid  limit  exceeds  this  amount  the  greater  is  the 
capillarity  of  the  material.  The  plasticity  index 
indicates  the  cohesion  of  materials  but  does  not  indi- 
cate their  capillarity.  Therefore  the  greater  the  plas- 
ticity index  for  equal  liquid  limits,  the  greater  the 
cohesion  of  the  material. 

The  properties  of  a  mixture  consisting  largely  of  a 
relatively  inert  material  such  as  ground  quartz  may  be 
considerably  changed  by  admixtures.  As  more  active 
constituents  are  admixed  the  properties  become  those 
of  the  highly  capillary  diatoms,  the  moderately  cohesive 
kaolin  or  the  highly  plastic  colloidal  bentonite.  There 
are  definite  relationships  between  the  test  results  and 
the  percentages  of  the  constituents  which  furnish  the 
characterizing  properties  of  soils.  This  is  illustrated 
in  figure  3. 

The  relationships  between  the  liquid  limits,  LL,  the 
plasticity  indexes,  PI,  and  the  percentages  of  the 
active  constituents,  P,  in  mixtures  of  active  materials 
and  inert  quartz  are  as  follows: 

For  diatoms,     PL=0.2lP=0.19  (LL-18). 

For  kaolin,        P/=0.15P=0.71  (LL-18). 

For  bentonite,  F7=3.3F=1.0  (LL-18). 

If  any  particular  amount  of  cohesion  is  desired,  say 
that  indicated  by  a  plasticity  index  of  .">,  the  admixture 
according  to  these  formulas  may  be  24  percent  of  dia- 
toms, 33  percent  of  kaolin,  or  1.5  percent  of  bentonite. 
The  corresponding  capillarities  will  be  those  indicated 
by  a  liquid  limit  of  44  for  the  mixture  containing  dia- 
toms, 25  for  the  kaolin  mixture,  and  23  for  the  ben- 
tonite mixture. 

In  like  manner  the  percentage  of  soil  binder  together 
with  the  accompanying  capillarity  to  produce  a  desired 
plasticity  can  be  determined  by  means  of  data  fur- 
nished by  the  plasticity  tests.  The  amount  of  inert 
material  required  to  reduce  excessively  high  plasticity 
can  also  be  determined  from  similar  data. 

Generally  plasticity  indexes  of  about  3  or  less  indi- 
cate sufficient  binder  cohesion  for  use  in  road  con- 
struction under  unusually  wet  condition-:  I  to  aboul  8, 
under  conditions  of  average  moisture;  and  9  to  15 
inclusive,  only  under  dry  or  arid  conditions.  Plas- 
ticity indexes  exceeding  15  indicate  soils  not  suitable 
for  road  surfacing. 

The  presence  of  the  undesirable  micaceous,  diato- 
maceous,  peaty,  or  other  organic  substances  is  indicated 
when  the  liquid  limit  is  greater  than  1.6  /'/      14. 

The  more  the  liquid  limits  exceed  this  \  alue  the  more 
unsatisfactory  the  soil  binder  is  apt  to  he  due  to  detri- 
mental sponginess  and  capillarity.  Such  properties 
will  not  be  present  in  detrimental  amount  when  the 
liquid  limit  does  not  exceed  about  35. 
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Figure  3. — Relation  Between  Percentage  of  Admixture 
of   Inert   Material   and    Plasticity   Limits. 

deliquescent  substances  used  to  prevent  excessive  loss 
of  moisture  in  dry  weather 

Absence  of  moisture  films  from  soil  road  surfaces 
causes  dust  and  raveling;  too  much  moisture  causes 
rutting.  The  dryer  a  road  surface  becomes  as  a  result 
of  evaporation,  the  wetter  a  rain  will  make  it.  Tbis 
is  because  extreme  dryness  causes  small  cracks  and 
fissures  to  form  in  the  clay  binder  through  which  rain 
water  may  enter  and  soften  the  interior  of  the  road 
surface.  Fissures  do  not  form  in  damp  surfaces  of 
properly  selected  constituents  and  water  will  be  shed 
from  the  surface  without  injurious  effect. 

Dampness  of  surface  is  desirable  for  another  reason. 
All  types  of  topsoil,  gravel,  traffic-bound  and  even 
water-bound  macadam  road  surfaces  acquire  their 
final  consolidation  through  compaction  by  traffic  dur- 
ing what  might  be  termed  a  period  of  seasoning  follow- 
ing construction.  When  the  surface  is  dry  during  this 
period  the  mineral  binder  powTders  under  traffic  and 
permits  raveling  of  the  surface,  which  requires  exten- 
sive patching  of  the  macadams  and  maintenance  by 
means  of  mulch  on  the  other  types. 

If  such  surfaces  can  be  maintained  in  a  damp  or 
slightly  moist  state  the  moisture  films  in  the  minute 
pores  of  the  binder  will  prevent  the  separation  of  the 
granular  particles  and  the  shocks  and  blows  produced 
by  traffic  become  effective  in  gradually  wedging  the 
granular  fragments  into  close  association.  The  cohesion 
increases  as  the  pores  in  the  binder  become  smaller  and 
finally  the  coarse  aggregate,  the  sand,  the  filler,  and  the 
binder  are  formed  into  a  stable,  durable  road  structure. 

Calcium  chloride  is  the  principal  chemical  used  in 
this  type  of  stabilization  although  common  salt  has 
been  used  to  a  limited  extent  in  experimental  sections. 

As  early  as  1907,  Austin  Thomas  Byrne  18  discussed 
the  use  of  sea-water  and  deliquescent  salts  for  the  sup- 
pression of  dust. 

is  Treatise  on  Highway  Construction,  5th  edition,  by  Austin  Thomas  Bvrne,  John 
Wiley  and  Sons,  New  York,  1907,  pp.  901-911. 


The  writer  used  calcium  chloride  as  a  dust  layer  on 
short  sections  of  macadam  streets  in  Pennsylvania 
about  1912.  The  value  of  this  substance  as  a  dust 
layer  for  gravel  roads  was  quite  generally  recognized 
by  1916. 

Sodium  chloride  has  not  received  as  much  attention 
as  calcium  chloride  although  its  possibilities  were 
suggested  by  K.  H.  Phillips  in  1919.  19  It  was  used  in 
experiments  on  tbe  Wendover  cut-off  in  1924  20  and  in 
Nova  Scotia  in  1931.21 

A  report  resulting  from  an  investigation  of  calcium 
chloride  as  a  dust  palliative  by  the  Highway  Research 
Board,  22  first  suggested  the  possibilities  of  this  chemical 
for  stabilizing  the  moisture  content  of  graded  materials 
in  low  type  roads.  This  investigation  included  observa- 
tions and  tests  on  experimental  roads  in  South  Caro- 
lina, Missouri,  and  Nebraska.  Supplemental  tests 
were  made  to  obtain  quantitive  data  on  the  rate  of 
evaporation  from  treated  and  untreated  soil  samples, 
the  effect  of  rewetting  surface  on  the  rate  of  evapora- 
tion and  on  the  leaching  of  calcium  chloride  by 
moisture. 

CHEMICAL  TREATMENT  USED  TO   PRODUCE  HIGH  SOIL  DENSITY 

A  recent  report  by  W.  R.  Collings  and  L.  C.  Stewart23 
gives  the  results  of  traffic  tests  on  test  roads.  This 
investigation  included  tests  of  various  combinations  of 
soils  in  road  sections  constructed  on  a  large  indoor 
track  on  an  earth  subgrade. 

The  track  was  oval  in  shape  with  straight  sections 
120  feet  long  and  12  feet  wide  and  banked  curves  of 
40  feet  radius  on  the  ends.  The  individual  test  sec- 
tions were  25  feet  long  and  10  feet  wide.  A  sprinkling 
system  and  hot  air  blown  over  the  road  surfaces  were 
used  to  produce  wet  and  dry  road  conditions.  Mix- 
tures for  the  test  sections  were  prepared  by  combining 
various  proportions  of  natural  silts,  clay,  and  fine  and 
coarse  aggregates.  The  materials  were  thoroughly 
mixed  and  deposited  on  the  subgrade.  The  compac- 
tion was  obtained  by  operating  trucks  over  the  test 
sections.  In  all,  there  were  28  test  sections  included 
in  this  investigation.  Encouraging  results  furnished 
by  these  large-scale  experiments  were  followed  by  the 
construction  of  the  so-called  stabilized  soil  road  sur- 
faces in  a  number  of  States,  with  the  largest  mileages  in 
Michigan,  Indiana,  and  Onondaga  County,  N.  Y. 

The  Highway  Research  Board's  investigation  dis- 
closed, among  other  things,  that  calcium  chloride 
placed  upon  the  surface  retards  the  evaporation  of  soil 
moisture  and  that  the  moisture  film  cohesion  furnished 
by  calcium  chloride  is  more  stable  than  that  furnished 
by  plain  water.  It  also  showed  that  during  periods  of 
low  rainfall  and  high  temperatures  the  sections  treated 
with  calcium  chloride  have  the  higher  moisture  content 
and  that  calcium  chloride  is  retained  best  in  compacted 
and  undisturbed  surfaces. 

The  primary  reason  for  the  decrease  in  rate  of 
evaporation  is  the  low  vapor  pressure  of  the  calcium 
chloride.  A  layer  of  the  solution  on  the  surface  of  the 
soil  particle  may  be  conceived  of  as  an  effective  semi- 
permeable blanket  through  which  the  moisture  from 

i'  Salt-Marsh  Sand  Clav  as  a  Road-Building  Material,  Engineering  News-Record, 
vol.  82,  no.  12,  Mar.  20,  1919,  p.  575. 

20  A  Salt  Dressing  for  Roads,  Kentucky  Road  Builder,  vol.  3,  no.  10,  Oct.  1924,  p.  8. 

21  Nova  Scotia's  Experience  with  Dust  Layers,  by  Percy  C  Black,  Canadian 
Engineer,  vol.  61,  no.  13,  Sept.  29,  1931,  p.  94. 

22  Report  of  Investigation  of  the  Use  of  Calcium  Chloride  as  a  Dust  Palliative,  by 
Fred  Burggraf,  Proceedings  of  the  Twelfth  Annual  Meeting  of  the  Highway  Research 
Board,  Part  2,  1932. 

23  Stabilized  Soil-Bound  Road  Surfaces  Part  2:  Traffic  Tests  of  Trial  Roads,  by 
W.  R.  Collings  and  L.  C  Stewart,  Engineering  News-Record,  vol.  112,  no.  23,  June  7, 
1934. 
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the  soil  has  difficulty  in  reaching  the  surface  where 
evaporation  takes  place. 

The  hygroscopic  property  of  calcium  chloride  causes 
absorption  of  moisture  from  the  air  during  periods  of 
high  humidity  and  also  slows  up  the  rate  at  which 
soils  lose  moisture. 

The  high  density  attained  during  compaction  by 
traffic  is  indicated  by  dry  weights  of  as  much  as  150 
pounds  per  cubic  foot,  which  have  been  observed  for 
wearing  courses  treated  with  calcium  chloride  and 
common  salt.  Retention  of  the  material  in  the  highly 
compacted  state  accounts  for  the  beneficial  action  of 
the  chemical  upon  the  preservation  of  the  road  material. 

MOST  STABLE  SOIL  MIXTURES  CONTAIN  COARSE  MATERIAL 

The  plasticity  constants  and  the  grading  of  a  num- 
ber of  soil  mixtures  are  shown  in  table  2.  Mixture 
no.  1  shows  the  requirements  of  good  mixtures  as 
suggested  on  page  277  of  this  report.  Mixture  no.  2 
represents  the  requirements  of  good  soil  mortars,  based 
upon  Dr.  Strahan's  work  2i  assuming  a  coarse  aggre- 
gate content  of  50  percent.  No.  3  is  typical  of  the 
mixtures  used  in  the  construction  of  stabilized  roads  in 
Washtenaw  County,  Mich.,  in  1933. 

Mixtures  4  to  8  are  soil  mortars  studied  by  Collings 
and  Stewart 25  in  their  investigation  of  the  stability  of 
various  mixtures  and  the  use  of  calcium  chloride  under 
controlled  truck  traffic.  Mixtures  9  to  13  are  of  the 
sand-clay  gravel  type  from  the  same  experiments  and 
were  considerably  more  stable  than  mixtures  4  to  8. 
This  is  in  line  with  Dr.  Strahan's  findings:  "When 
coarse  material  is  added  to  a  good  soil  mortar  in 
appreciable  amount  (10  percent  or  more)  the  hardness 
and  durability  of  the  surface  is  increased  and  con- 
tinues to  increase  until  a  full  gravel-type  surface  is 
reached." 

Mixtures  14  to  17  are  from  the  report  on  investiga- 
tions by  Travers  and  Hicks  of  stabilized  roads  in 
Onondaga  County,  N.  Y.26  Additional  investigations 
by  Collings  and  Stewart 27  furnished  data  on  mixtures 
18  to  30.  Mixture  no.  40  is  typical  of  surfacing  ma- 
terial used  by  G.  A.  Rahn  in  Pennsylvania, 

Of  these  10  mixtures  investigated  by  Collings  and 
Stewart,  only  nos.  4,  5,  6,  9,  and  10,  which  have  some 
plasticity,  are  considered  satisfactory  for  surfacing. 
Samples  14  to  17,  inclusive,  representative  of  satisfac- 
tory mixtures  reported  by  Travers  and  Hicks,  had 
somewhat  more  plasticity  than  the  5  satisfactory  soils 
reported  by  Collings  and  Stewart. 

Of  the  mixtures  18  to  39, inclusive,  mixtures  23  and  24, 
with  no  plasticity,  and  mixtures  32,  33,  38,  and  39  were 
the  least  resistant. 

The  manner  in  which  local  materials  are  selected  for 
use  in  soil  roads  was  excellently  described  by  G.  A. 
Rahn,  of  the  Pennsylvania  Department  of  Highways, 
before  the  1934  convention  of  the  American  Society  for 

21  Subgrade  Soil  Constants,  Their  Significance,  and  Their  Application  in 
tice,  by  C.  A    Hogentogler,  A.  M.  Wintermyer,  and  E.  A.  Willis,  Public  Road  , 
vol.  12,  nos.  4  and  5,  June  and  July,  1931. 

25  Report  on  Investigations  of  the  Use  of  Calcium  Chloride  as  a  Dust  Palliative, 
discussion  by  L.  C.  Stewari  and  W.  K.  Pollings,  Proceedings  of  the  Twelfth  Annual 
Meeting  of  the  Highway  Research  Hoard,  Pari  .  see  also  Improved  Low 

Cost  Soil  and  Gravel  Roads,  The  Dow  Chemical  Co.,  1933. 

2«  Gravel  Type  Surfaces  for  Secondary  Roads,  by  Ray  B.  Travers  and  W.  B. 
Hicks,  Proceedings  of  the  Thirteenth  Annual  Meeting  of  the  Highway  Research 
Board,  Part  1,  1933,  p.  228. 

"  Stabilized  Soil-Bound  Road  Surfaces,  Part  2.  Traffic  Tests  of  Trial  Roads,  by 
W.  R.  Collings  and  L.  C.  Stewart,  Engineering  New  Record,  vol.  112,  no.  23,  June  7, 
1934. 


Table  2. — Plasticity  and  grading  of  typical  soil-road  materials 

[All  materials  pass  the  1-inch  screen] 
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Testing  Materials.  In  one  case  the  soil  of  the  original 
road  was  taken  to  the  laboratory  and  on  test  was  found 
to  be  a  silt  loam.  Since  stone  screenings  were  available 
near  the  location  of  the  road  for  use  as  admixture,  tests 
were  made  to  determine  the  amount  of  admixture 
required  to  change  the  soil  to  the  more  stable  A-2  type. 
With  this  information  as  a  guide  the  screenings  were 
applied  to  the  old  road  and  worked  in  until  tests  dis- 
closed the  proper  amount  had  been  added.  Some  time 
later  calcium  chloride  was  applied  to  the  surface.  Tho 
illustration,  figure  4,  was  taken  in  April  1934  and  shows 
the  manner  in  which  the  stabilized  road  came  through 
the  winter  in  comparison  with  the  side  road  which  was 
not  stabilized.  Mixture  40  of  table  2  is  representative 
of  the  mixture  used. 

Calcium  chloride  is  applied  to  soil  surfaces  at  the 
rate  of  about  one-half  pound  per  square  yard  per  inch 
of  thickness  of  road  surface  and  preferably  should  be 
mixed  with  the  graded  surfacing  material.  Indiana 
requires  not  less  than  three-fourths  of  a  pound  of  com- 
mon salt  per  square  yard  per  inch  of  surface  thickness 
with  the  additional  requirement  thai  the  salt  shall  be 
applied  in  a  solution  of  about  8  pounds  of  salt  to  5 
gallons  of  water. 

The  chemically  treated  surfaces  are  firmly  hound  and 
oiler  great  resistance  to  raveling  under  traffic.  Smooth- 
ness is  maintained  without  the  loose  surface  mulch 
often  used  on  untreated  gravel  roads.  In  fact,  tho 
presence  of  mulch  may  act  as  an  abrasive  under  the 
wheels  of  vehicles  and  thu-  prove  detrimental. 
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Figure  4. — Stabilized  Road  in  Adams  County,  Pa.,  at  Its 
Junction  with  Untreated  Side  Road. 

A  good  mixture  for  the  repair  of  areas  in  which 
pitting  has  occurred  consists  of  aggregate  under  one- 
half  inch  in  size,  mixed  with  at  least  an  equal  weight 
of  stable  sand-clay.  To  insure  that  the  patching  ma- 
terials will  be  moist  enough  to  stick  securely  in  the  hole, 
the  admixture  of  100  to  150  pounds  of  calcium  chloride 
per  cubic  yard  is  recommended. 

Figures  5  and  6  illustrate  steps  in  the  construction  of 
roads  treated  with  deliquescent  chemicals  in  Michigan. 
Figure  7  shows  similar  surfaces  in  Indiana. 

PERMANENT  DENSIFICATION  OF  SOILS  A  PROMISING  BUT  LITTLE- 
EXPLORED  METHOD 

The  purpose  of  this  type  of  stabilization  is  to  produce 
a  semisolid  and  dense  soil-road  surface  which  is  not 
affected  by  moisture  and  is  capable,  when  suitably 
surface  treated,  of  serving  a  considerable  volume  of 
traffic.  The  method  is  suitable  for  use  where  only 
fine-grained  soils  abound  as  well  as  in  those  locations 
having  granular  materials  and  binder  available  for  use 
in  graded  soil  mixtures. 

The  idea  of  stabilizing  soils  by  means  of  admixtures 
of  other  than  soil  materials  is  not  new.  Prof.  F.  H. 
Eno  used  both  hydrated  lime  and  portland  cement  as 
admixtures  to  improve  subgrade  soils  in  experimental 
sections  in  1924  and  1925. 2S 

More  recently,  in  1929,  Prof.  Eno  used  salt,  hydrated 
lime,  calcium  chloride,  sodium  silicate,  kerosene,  cold 
tar,  crude  oil,  and  used  crankcase  oil  in  addition  to 
stone  dust  and  granulated  slag  in  experimental  sections 
of  subgrades  of  six  traffic-bound  roads  in  Ohio.  The 
treatments  were  carried  to  a  depth  of  3  inches  in  the 
subgrade.29 

It  was  not  until  1932,  however,  that  the  importance 
of  densification  in  connection  with  the  use  of  chemical 
admixtures  began  to  be  realized.  From  experiments 
performed  at  the  Arlington  laboratory  of  the  Bureau 
of  Public  Roads  it  became  evident  that  when  soils 
were  treated  with  such  materials  as  portland  cement, 
bituminous  materials,  etc.,  the  stabilizers  could  best 
be  distributed  in  fine-grained  soils  in  the  form  of  solu- 

»«  Highway  Subsoil  Investigation  in  Ohio,  by  F.  H.  Eno,  Engineering  Experiment 
Station  Bulletin  No.  39,  Ohio  State  University,  1928. 

'■">  Subgrade  Drainage  and  Treatment  by  F.  H.  Eno,  Proceedings  Eleventh  Annual 
Meeting  of  the  Highway  Research  Board,  1931,  p.  192. 


tions  or  emulsions.  However,  samples  thus  treated 
became  porous  upon  drying  due  to  the  effect  of  the 
admixtures  in  reducing  the  shrinkage  properties  of  the 
colloids.  Thus  the  necessity  of  including  mechanical 
compaction  as  part  of  the  stabilizing  procedure  became 
evident.  Experimentation  was  begun  on  procedures 
for  compacting  samples  and  determination  of  the 
properties  of  samples  thus  prepared. 

Figure  8  shows  an  apparatus  devised  for  bringing  an 
entire  sample,  including  the  coarse  fraction,  to  various 
degrees  of  consolidation.  The  apparatus  is  based  on 
the  principle  of  the  sheepsfoot  roller,  and  it  appears 
that  compaction  according  to  this  principle  will  be 
desirable  in  construction.  Samples  having  various 
degrees  of  consolidation  have  been  tested  for  perme- 
ability, capillarity,  stability,  and  shrinkage. 

In  1933  a  definite  basis  was  established  for  the  intel- 
ligent incorporation  of  admixtures  in  soils;  a  means  was 
provided  for  determining  the  amount  of  compaction 
required;  and  a  method  was  suggested  for  evaluating 
in  the  laboratory  the  relative  stabilizing  effects  of  the 
various  admixtures.  R.  R.  Proctor,  of  the  Los  Angeles 
Bureau  of  Waterworks,  is  largely  responsible  for  these 
contributions.30 

In  1925  Milburn31  showed  that  there  is  an  optimum 
binder  content  at  which  maximum  density  of  bitumi- 
nous mixtures  may  be  attained,  and  in  1928  Jackson32 
pointed  out  that  concrete  investigators  accepted  the 
conclusion  that  there  is  an  optimum  water-cement 
ratio  for  each  portland  cement  concrete  mixture. 
Proctor,  in  a  series  of  reports,  has  shown  that  for  every 
soil  there  is  a  moisture  content  at  which  maximum 
compaction  can  be  obtained  with  a  sheepsfoot  roller 
during  construction.  The  extent  of  this  compaction 
is  readily  ascertained  by  testing  samples  at  different 
moisture  contents  under  impacts  of  a  standard  tamper 
in  the  laboratory. 

LABORATORY  TESTS  SHOW  IMPORTANCE  OF  PROPER  MOISTURE 
CONTENT  IN  PRODUCING  MAXIMUM  DENSITY  BY  COMPACTION 

Figures  9,  10,  and  ll33  illustrate  the  apparatus  and 
the  significance  of  the  Proctor  tests.  The  soil  samples 
are  compacted  at  different  moisture  contents  in  a 
one-thirtieth  "cubic-foot  cylinder  by  the  impact  of  a 
5^-pound  rammer  in  such  a  manner  as  to  duplicate  the 
force  obtained  by  a  sheepsfoot  roller  in  the  field.  The 
density  of  the  compacted  soil  is  computed  from  the 
actual  weight  of  soil  and  the  moisture  content  and 
expressed  in  pounds  of  soil  per  cubic  foot.  The  bear- 
ing power  of  the  compacted  soil  is  determined  for  each 
moisture  content  by  measuring  the  force  needed  to 
push  a  needle  of  known  end-area  into  the  soil  at  a  speed 
of  one-half  inch  per  second. 

Figure  9  shows  the  compacted  fill  material  being 
tested  with  the  plasticity  needle.  In  the  background 
is  the  type  of  sheepsfoot  roller  used  to  compact  the  fill. 

3°  Fundamental  Principles  of  Soil  Compaction,  by  R.  R.  Proctor,  Engineering 
News-Record  vol.  Ill,  no.  9,  August  31,  1933;  Field  and  Laboratory  Determination 
of  Soil  Suitability,  bv  R.  R.  Proctor,  Engineering  News-Record,  vol.  Ill,  no.  10, 
Sept.  7,  1933;  Field  and  Laboratory  Verification  of  Soil  Suitability,  by  R.  R.  Proctor, 
Engineering  News-Record,  vol.  Ill,  no.  12,  Sept.  21,  1933;  New  Principles  Applied 
to  Actual  Dam  Building,  by  R.  R.  Proctor,  Engineering  News-Record,  vol.  Ill, 
no.  13,  Sept.  28,  1933. 

3i  A  Deformation  Test  for  Asphaltic  Mixtures,  by  H.  M.  Milburn,  Public  Roads, 
vol.  6,  no.  6,  August  1925. 

32  The  Design  of  Pavement  Concrete  by  the  Water-Cement  Ratio  Method,  by 
F.  H.  Jackson,  Public  Roads,  vol.  9,  no.  6.  August  1928. 

"  These  figures  supplied  by  C.  A.  Hogentogler,  Jr.,  soils  engineer,  Back  Creek 
Earth  Dam  Project,  U.  S.  Forest  Service. 
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Figure  5. — Steps  in  Soil  Road  Construction  in  Michigan.  A,  Scarifying  Old  Surface;  B,  Removing  Large  Stone 
with  Rake;  C,  Spreading  Pulverized  Clay  Admixture;  D,  Deep  Blading  to  Mix  Clay  with  Old  Road  Material; 
E,  Spreading  Chemical  Over  Smoothed  Surface;   F,   Mixing  by  Blading  in  Windrows. 
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Figure  6. — A,  Spreading  Dry   Material  Over  Wetted  Road  Bed;  B,   Rolling  the  Partially  Dry'  Surface. 


Figure  7. — Soil  Surfaces  in   Indiana  Containing  Deliquescent  Chemicals. 


Figure  8. — Apparatus     for     Consolidating     Sample     and 
Testing  for  Permeability,  Capillarity,  and  Shrinkage. 


Figure  10  shows  the  two  curves  resulting  from  the 
test;  the  weight  of  dry  soil-moisture  content  relation 
and  the  bearing  value-moisture  content  relation.  The 
weight  of  dry  soil-moisture  content  curve  discloses 
that  for  this  soil  a  moisture  content  of  about  19  per- 
cent is  required  if  maximum  compaction  is  to  be 
attained.  The  corresponding  bearing  value  is  about 
1,100  pounds  per  square  inch. 

If,  at  the  specified  compaction,  the  bearing  value  of 
this  particular  soil  is  indicated  by  the  plasticity  needle 
to  be  higher  than  1,100  pounds,  the  increase  can  be 
considered  as  only  temporary  if  the  fill  is  to  be  unpro- 
tected from  water  after  construction.  Thus  a  bearing 
value  of  1,600  pounds  per  square  inch  indicates  a 
moisture  content  of  slightly  less  than  17  percent. 
This  corresponds  to  a  dry  weight  of  about  106  pounds 
per  cubic  foot.  At  this  density  the  soil  can  take  up 
moisture  to  a  maximum  of  slightly  more  than  20  per- 
cent which,  in  turn  corresponds  to  a  bearing  value  of 
but  600  pounds  per  square  inch. 

Figure  11  illustrates  how  dry  weight-moisture  con- 
tent curves  may  be  used  to  disclose  the  effect  of  various 
admixtures  in  increasing  or  decreasing  the  stability  of 
soil.  It  is  shown  that  some  admixtures  serve  to  in- 
crease the  optimum  moisture  content,  others  tend  to 


February  1935 


PUBLIC    ROADS 


283 


<     * 


- 


Figure  9. — Compacting  Soil  in  Proctor  Cylinder  and 
Determining  Consistency  of  Fill  with  Plasticity 
Needle. 

decrease  it.  As  the  optimum  moisture  content  in- 
creases, the  maximum  density  decreases. 

By  incorporating  certain  elements  of  the  Proctor 
tests  in  a  modified  compression  and  permeability  test, 
it  seems  possible  to  predetermine  how  well  soils  with 
admixtures,  compacted  according  to  current  construc- 
tion methods,  will  retain  a  high  density  under  varying 
climatic  and  load  conditions.  The  procedure  is  to 
compact  the  sample  at  optimum  moisture  content  and 
then  transfer  it  in  the  compacted  state  to  the  Terzaghi 
compression  test  apparatus  and  observe  the  compres- 
sion and  expansion  characteristics. 

The  results  of  such  tests  are  shown  in  figure  12,  upper 
left.  This  curve  is  representative  of  one  of  the  most 
troublesome  of  subgrade  soils — due  to  shrinkage  and 
plasticity- — the  highly  colloidal,  sticky,  tenacious  soil 
in  zone  B  of  the  Iredell  series.  The  curve  shows  thai 
maximum  density  is  reached  at  a  moisture  content 
equal  to  about  16  percent  of  the  weight  of  the  dry  soil. 
At  this  moisture  content  a  density  indicated  by  a  dry 
weight  of  106  pounds  per  cubic  foot  is  obtained.  Re- 
sults of  compression  and  expansion  tests  on  a  sample 
of  soil  compacted  at  this  moisture  contenl  are  shown 
in  the  lower  left  of  figure  12.  The  sample  was  placed 
in  the  apparatus,  without  having  access  to  water,  and  a 
load  applied  in  increments  up  to  8.2  tons  per  square 
foot.  The  load  was  then  reduced  to  0.05  ton  per  square 
foot.     The    results    are    shown    bv    the    broken    lines. 
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MOISTURE    CONTENT    -  PERCENTAGE    OF  DRY   WEIGHT 

Figure  10. — Data  Furnished  by  Proctor  Tests. 


MOISTURE    CONTENT    -  PERCENTAGE    OF  DRY  WEIGHT 

Figure  11. — Effect  of  Chemical  Admixtures  in  Reducing 
Optimum  Moisture  Content  and  Increasing  the  Density 
of  Compacted  Samples. 

Water  was  then  allowed  to  enter  the  testing  apparatus 
and  after  a  considerable  interval  of  time  the  load  was 
again  increased  to  8.2  tons  per  square  foot  and  then 
reduced  to  0.05  ton  per  square  foot.  These  results  are 
indicated  by  the  full  line  which  represents  both  load 
application  and  load  removal. 

Figure  12,  C,  D,  and  E  shows  results  of  similar  tests 
on  samples  of  the  same  soil  in  dust  phase,  at  optimum 
moisture  content  but  uncompacted,  and  on  a  sample 
wetted  to  about  the  liquid  limit.  In  these  curves 
volume  change  is  indicated  by  the  voids  ratio.  The 
small  change  in  volume  of  the  compacted  sample  re- 
sulting from  wetting  and  change  in  load,  as  compared 
with  that  of  the  same  soil  in  the  other  states,  is  striking. 
This  is  further  emphasized  by  figure1  13  which  shows 
the  same  test  results  in  terms  of  thickness  of  soil  Layer 
per  unit,  thickness  of  solids  in  the  layer. 

The  results  shown  in  figure  13  indicate  thai  subgrades 
comprised  of  the  highly  plastic  soils,  such  as  the  black 
waxy  soils,  the  adobes  and  the  gumbos,  when  manipu- 
lated at  the  proper  moist  ure  content,  may  be  compacted 
to  high  densities  which  will  remain  fairly  constant 
under  widely  changing  conditions  of  load  and  access  to 
w  ater. 

The  consolidations  shown   were   produced   by  load 

period-  of  72  hours  on  sample-  al I   I  cen 1 1 meter  thick. 

Expansions  were  measured  alter  load-  had  been  re- 
moved for  periods  of  24  to  48  hours.  To  produce  an 
equal  degree  of  consolidation  in  soil  layers  thicker  than 
l  centimeter,  the  duration  of  the  load  would  vary  as 
the  square  of  the.  thickness  of  the  layer. 
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Figure  13. — Thickness  of  a  Layer  of  Iredell  Clay  Con- 
taining the  Equivalent  of  1  Foot  of  Solids  Under 
Different  Test  Conditions.  The  Terms  "Wet"  and 
"Dry"   Refer  to  Conditions  Surrounding  the  Sample. 

application  of  surface  chemistry  to  soil  stabilization 
being  studied 

The  great  possibilities  in  the  application  of  surface 
chemistry  to  soil  stabilization  are  indicated  by  the 
reports  of  Winterkorn,34  Reagel  and  Schappler,35  of 
the  Missouri  State  Highway  Department.  Their  work 
discloses  that  some  bases  have  greater  affinity  for 
bitumen  than  for  water  and  that  the  reverse  is  true  for 
other  bases.  The  use  of  soap  as  an  electrolyzer 
facilitates  the  mixing  of  some  soils  with  bituminous 
materials.     The    benefit   of   the   soap    treatment   was 

"  Oiling  Earth  Roads,  Application  of  Surface  Chemistry,  by  Hans  Winterkorn, 
Industrial  and  Engineering  Chemistry,  vol.  26,  August  1934. 

35  Stabilizing  Sand  and  Gravel  Surfaces,  by  R.  C.  Schappler,  Kansas  Highway 
Conference,  Manhattan,  Kans.,  Feb.  5,  1934. 


demonstrated  in  an  experiment  in  which  soap  was  used 
on  one  section  of  an  earth-gravel-oil  mixture  and 
omitted  on  another  section.  A  heavy  rain  washed  the 
oil  from  the  latter  section  but  did  not  wash  it  from  the 
soap-treated  section.  It  is  indicated  that  different 
soaps  may  be  desirable  for  different  soils.  Ions  from 
different  bases  may  either  increase  or  decrease  shrink- 
age, plasticity  and  other  properties  on  which  stability 
depends.  For  every  soil  it  is  possible  to  select  a  cation 
for  exchange  which  will  adjust  the  properties  of  the 
soil  as  desired. 

Among  the  substances  suggested  as  having  possible 
use  as  admixtures  in  soil  densification  are  bituminous 
materials,  portland  cement,  hydrated  lime,  calcium 
chloride,  calcium  silicate,  calcium  carbonate,  soda  ash, 
sodium  silicate,  and  sodium  chloride. 

It  is  believed  that  the  high  densities  of  road  surfaces 
treated  with  calcium  chloride  and  salt  are  not  due 
entirely  to  the  deliquescence  of  these  materials  but  are 
in  part  due  to  electrolytic  effect  in  reducing  the  thick- 
ness of  the  moisture  films.  A  limited  number  of  com- 
paction curves,  such  as  shown  in  figure  11,  support 
this  conclusion. 

It  is  possible  that  chemicals  such  as  calcium  chloride 
and  common  salt,  which  serve  to  lower  the  freezing 
temperature,  might  be  beneficial  in  the  colder  climates 
in  their  effect  on  freezing. 

STABILIZATION   BY  SURFACE  TREATMENTS   EFFECTIVE  ONLY  FOR 
SOILS  OF  GOOD  QUALITY 

The  preceding  discussion  discloses  methods  of  deter- 
mining densities  which  can  be  produced  by  special 
methods  and  which  can  be  maintained  under  a  wide 
range  in  moisture  and  load  conditions.     The  mainte- 
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nance  of  high  density  in  a  road  surface,  however, 
requires  that  subgrades  and  bases  for  thin  wearing 
courses  be  constructed  in  such  a  manner  as  to  prevent 
damage  by  water  coming  from  beneath  the  surface  and 
also  that  loss  of  moisture  from  the  densified  soil  by 
evaporation  be  prevented.  It  is  because  of  this  re- 
quirement that  a  discussion  of  the  benefits  of  water- 
proofing by  surface  treatment  is  included  in  this  report. 

Two  conditions  arc  essential  if  the  waterproofing  of  a 
soil  surface  is  to  be  worth  while.  The  materials  of  the 
surface  and  base  must  be  either  impervious  enough,  or 
have  sufficiently  low  capillarity  to  prevent  the  accumu- 
lation of  enough  capillary  moisture  to  cause  instability. 
The  quality  of  materials  necessary  will  be  affected  by 
climate,  topography,  and  traffic.  The  surface  treatment 
must  be  maintained  sufficiently  impervious  to  prevent 
the  surface  water  entering  clay  soils  from  above  and  to 
prevent  the  evaporation  of  the  cohesive  moisture  films 
from  sandy  soils. 

Stabilization  by  surface  treatment  is  excellently 
illustrated  by  the  blotter-type  tar  and  asphalt  surface 
treatments  on  the  heavy  gumbo  soil  roads  of  western 
Minnesota  and  eastern  North  Dakota.36  The  top  view 
of  figure  14  shows  a  condition  in  the  spring  of  a  road 
west  of  Ada,  Minn.,  prior  to  the  first  treatment  in  1924. 
Gravel  used  for  surfacing  was  found  to  have  penetrated 
to  depths  as  great  as  3  feet.  The  lower  view  of  figure  14 
is  a  picture  taken  in  the  spring  of  the  year  and  shows  the 
condition  of  a  similar  road  after  receiving  a  surface 
treatment  of  bituminous  material  with  gravel  covering. 
On  inspection  in  1932,  the  total  thickness  of  the  surface 
treatment  was  found  to  be  slightly  less  than  1  inch. 

Bituminous  surface  treatments  have  long  been  used 
in  the  Southern  States  to  change  loose  sandy  and  dusty 
materials  into  firm,  stable,  durable  road  surfaces. 
Prevention  of  evaporation  accounts  for  at  least  part  of 
this  benefit.37 

LOW-COST  ALL-WEATHER  ROADS  REQUIRED  IN  HIGHWAY 
PROGRAM 

Only  a  small  percentage  of  natural  soils  are  of  good 
quality  for  road  surfacing.  Even  in  Georgia,  where 
soil  conditions  are  particularly  favorable,  soils  of  the 
best  quality  are  more  the  exception  than  the  rule.  Of 
29  sand-clay  Federal-aid  projects  reported  by  Dr. 
Strahan,  but  3  had  strong,  hard  surfaces,  free  from  ruts, 
holes,  or  corrugations,  indicative  of  class  A  material. 
Admixtures  and  chemical  treatments  are  most  often 
used  to  give  low-grade  materials  those  qualities  natur- 
ally present  in  class  A  topsoils  as  a  result  of  long  cul- 
tivation and  weathering  and  in  well-graded  gravels  as  a 
result  of  their  composition.  The  admixtures  and  treat- 
ments have  the  additional  advantage  that  they  avoid 
the  necessity  of  a  dust-producing  mulch  surface. 

Substantial  progress  has  been  made  in  the  design  of 
soil  mixtures,  and  in  the  use  of  bituminous  surface 
treatments  and  stabilization  of  the  moisture  content  by 
means  of  treatment  with  deliquescent  substances. 

The  tentative  requirements  for  the  design  of  stable 
mixtures  given  on  page  277  are  based  upon  extensive 
laboratory  experiments,  and  observations  of  roads  in 
service  and  represent  a  step  toward  the  simplification  of 
test  procedure  for  identifying  road  soils  for  use  in 
construction. 

Selected  soil  surfaces  are  suitable  for  temporary  sur- 
facing on  important  roads.     They  can  be  placed  im- 

18  Blotter  Treatment  of  Oravel  Roads  in  the  State  of  Minnesota,  by  F.  C.  Lang, 
Eighth  Annual  Asphalt  Paving  Conference,  1929. 

"  Tar  Surface  Treatment  of  Low  Cost  Roads,  Public  Roads,  vol.  14,  no.  1,  March 
1933. 


* 


Figure  14. — A  Typical  Minnesota  Gumbo  Road  in  Early 
Spring  and  a  Road  on  Same  Type  of  Soil  After  Being 
Treated  with  Bituminous  Material  and  Covered  with 
a  Thin  Layer  of  Gravel. 

mediately  after  the  grading  for  use  during  the  period 
of  settlement  and  will  give  substantial  support  and 
increased  life  to  pavements  placed  upon  them. 

The  method  of  stabilization  by  densification  at  op- 
timum moisture  content  has  been  utilized  principally 
in  connection  with  the  construction  of  embankments  for 
use  as  earth  dams,  although  it  is  equally  applicable  for 
use  in  any  kind  of  fill,  subgrade  or  soil  base-course 
construction. 

Water  attracted  by  the  adsorptive  affinity  of  soil 
particles  for  moisture  cannot  enter  and  soften  the  soil 
mass  when  the  particles  arc  covered  with  moisture  films 
and  the  soil  is  compacted  to  maximum  density  at  op- 
timum moisture  content.  Under  these  conditions  the 
tendency  to  expand  and  lose  stability  in  the  presence  of 
moisture  may  be  eliminated  from  highly  plastic  soils 
when  protected  by  surface  treatment.  Densification 
will  not  be  effective  with  soils  in  which  the  tendency 
to  expand  is  due  to  elastic  rebound  such  as  those 
containing  mica. 

Field  experimentation  in  the  use  of  chemical  admix- 
tures which  change  the  character  of  the  soil  include  the 
use  of  portland  cement,  bituminous  emulsions,  and 
treatment  with  sodium  silicate  and  calcium  chloride  in 
combination  to  produce  calcium  silicate  precipitate. 

Several  sections  of  soil  road  stabilized  with  cement 
and  given  a  bituminous  surface  treatment  were  con- 
structed by  the  South  Carolina  State  Highway  Depart- 
ment during  1934.  A  bituminous  emulsion  wTas  mixed 
with  the  soil  in  constructing  an  airport  runway  in 
Baltimore,  Md.  The  use  of  the  silicate-chloride 
method  of  treatment  has  been  confined  largely  to  the 
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stabilization  of  soil  supporting  buildings  and  other 
structures. 

The  stability  furnished  by  compaction  of  soils  at 
optimum  moisture  content  suggests  that  vastly  greater 
benefits  may  be  expected  when  the  interfaeial  colloidal 
films  are  stabilized  by  proper  use  of  bitumen,  portland 
cement,  and  the  ions  of  sodium,  potassium,  and  calcium. 

New  developments  can  be  expected  as  progress  is 
made  in  this  vast  and  but  little-explored  field.  The 
materials  being  investigated  are  low  in  cost  and  widely 


different  in  character.  They  are  subjected  to  varying 
weather  conditions  and  traffic  loads.  The  results 
obtained  should  be  evaluated  on  the  basis  of  the  benefit 
rendered  by  the  stabilizing  procedure  in  comparison 
with  its  cost. 

More  than  2,000,000  miles  of  rural  roads  are  unim- 
proved. On  much  of  this  mileage  surfacing  is  not 
economically  justified,  but  there  is  a  considerable 
mileage  which  should  be  surfaced  and  the  extent  to 
which  this  is  done  will  depend  on  the  cost. 


PUBLICATION  ON  TREE  WOUNDS 

Questions  concerning  the  proper  treatment  of  wounds 
in  roadside,  shade,  ornamental,  street,  and  park  trees 
are  considered  in  Farmers'  Bulletin  No.  1726  of  the 
United  States  Department  of  Agriculture.  The  publi- 
cation is  intended  primarily  for  persons  in  charge  of 
public  or  private  property  with  little  or  no  knowledge 
concerning  the  normal  processes  of  a  healthy  tree  or 
why  and  how  wounds  endanger  the  health  of  trees. 

The  simpler  types  of  treatment  for  tree  wounds,  the 
bulletin  explains,  are  within  the  range  of  almost  any 
practical  man  who  is  familiar  with  the  use  of  a  saw, 
gouge,  mallet,  and  paintbrush.  Two  axioms  that 
should  be  borne  in  mind  constantly  are  (1)  that  proper 
treatment  of  fresh-made  wounds  is  the  surest  and  best 
method  of  preventing  disease  or  decay  and  needless 


expense  in  the  future,  and  (2)  that  all  old  wounds  should 
be  treated  by  some  proper  method.  The  practice  of 
treating  tree  wounds  is  very  old  and,  according  to  the 
bulletin,  it  is  not  a  secret  art,  probably  all  of  the 
best  methods  are  well  known. 

The  structure  and  life  processes  of  trees  are  described 
and  causes  of  injury  discussed.  What  trees  are  worth 
treating,  when  the  work  may  be  done,  and  detailed 
methods  are  discussed.  Numerous  illustrations  show 
the  recommended  methods  of  wound  treatment. 

Copies  of  this  publication  on  tree  wounds  may  be 
obtained  free  of  charge  from  the  Office  of  Informa- 
tion, United  States  Department  of  Agriculture,  Wash- 
ington, D.  C,  until  the  free  supply  is  exhausted,  or 
copies  may  be  obtained  for  5  cents  from  the  Superin- 
tendent of  Documents,  Government  Printing  Office, 
Washington,  D.  C. 


February  1935 
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